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SPATIAL LIGHT MODULATOR AND A 
METHOD FOR DRIVING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a spatial light modulator 
(hereinafter abbreviated as an SLM) used in a projection- 
type display, a holography television, or an optical computer. 

2. Description of the Related Art 

An optically addressed SLM is positively developed as an 
essential part of a projection-type display apparatus having 
a large screen size which is an alternative to a thin film 
transistor (TFT) liquid crystal panel or a cathode ray tube 
(CRT). 

An SLM performs a light amplification of a two- 
dimensional image pattern. The SLM includes a photocon- 
ductive layer and a light-modulating layer as main compo- 
nents thereof. When image information with low luminance 
enters the SLM from the side of the photoconductive layer, 
the electric characteristics of the photoconductive layer are 
modulated depending on the luminance of the image infor- 
mation. As the result of the modulation, the optical charac- 
teristics of the light-modulating layer are modulated. Then, 
reading light with high luminance enters the SLM from the 
side of the light-modulating layer, whereby amplified image 
information can be output. 

As the material of the photoconductive layer, CdS, crys- 
talline silicon (Si), amorphous Si (a — Si:H), or the like is 
used. Among them, a — Si:H is widely used, since a — Si:H 
has various superior characteristics such as high sensitivity 
to writing light, a low dark conductivity, wide variations of 
film formations, and the like. The erasure of the written 
image is performed without using special erasure pulse light, 
so that the photoconductive layer is often provided with 
rectification. 

As the material of the light-modulating layer, electrooptic 
crystals or liquid crystals are used. Among such crystals, 
surface stabilized ferroelectric liquid crystals (SSFLC; here- 
inafter referred to simply as PLC) are positively used since 
the FLC has a faster response (about 100 /isec.) as compared 
with the conventional liquid crystal of the twisted nematic 
(TN) type. 

It is conventionally known that the FLC has bistability 
(the binary characteristics). Specifically, the direction of 
spontaneous polarization of FLC is changed depending on 
the polarity of the applied electric field, so that the FLC has 
two di fife rent optical states, i.e., ON (or UP) and OFF (or 
DOWN). The bistability is described in detail in, for 
example, Appl. Phys. Lett., vol. 36 (1980) pp. 899-901. 

In the case where the FLC is used practically in a display 
or the like, the FLC must be able to display a half-tone state 
between the ON state and the OFF state. In order to realize 
the half-tone state, the amount of applied charges is 
controlled, rather than the externally applied electric field. 
Since the FLC has the spontaneous polarization which is 
represented by the spontaneous polarization charge P„ it is 
that the aging due to the decomposition of the FLC mol- 
ecules can be prevented. On the other hand, the driving 
waveform has the following problems. The voltage of the 
writing pulse (characterized by a writing period and a 
writing voltage) 202 is a very high negative voltage, so that 
the FLC polarization is in verted (electric field switching) 
even in a condition without writing light As a result, the 
contrast is deteriorated. Also, since the duty ratio of the 
output light is Vi at most, this causes a loss of brightness. The 
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driving method using the voltage waveform in FIG. 2(b) was 
proposed by the inventors of this invention. In the driving 
method, the obtained duty ratio can substantially be 1. 
However, also in this method, it is impossible to prevent the 

5 contrast deterioration due to the electric field switching 
during the application of the writing pulse 205. 

FIG. 3 shows a driving pulse waveform used for solving 
the above problems. Such waveforms are used, for example, 
in SID Digest (1991), pp. 254-256 and U.S. Pat. No. 

10 5,178,445. The driving pulse includes a short erasure pulse 
301 with a high voltage and a long writing pulse 302 with 
a low voltage. In the driving pulse, the absolute value of the 
voltage of the writing pulse 302 is set to be smaller than the 
absolute value of the voltage of the erasure pulse 301, so that 

15 it is possible to prevent the electric field switching. In 
addition, since the period of the writing pulse 302 is long, 
the duty ratio of the reading light can substantially be 1. 
Thus, the driving method is suitable for the application to a 
projection-type display or the like. The latter reference 

20 specifically mentions the driving voltage conditions for the 
driving with high contrast. However in both cases, the 
employed FLC cannot stably have states other than the ON 
and OFF states. In the former case, the half-tone display is 
realized by using the above-mentioned multi-domain gray- 

25 scale. The latter case uses, as the writing light, pulse light 
(for example, the emitted light from CRT having phosphors 
with shorter emission time than the length of one driving 
period of the SLM). 

When the image on a CRT is written on the SLM, the 

30 period of the driving pulse voltage signal of the SLM is 
generally synchronized with one display period of the CRT. 
FIG. 4 shows the timing chart for driving the CRT and the 
SLM. In FIG. 4, the timing chart (a) indicates the synchro- 
nization pulse voltage of the CRT, and the timing chart (b) 

35 indicates the fluorescence intensity from a phosphor on the 
CRT screen. Also, the timing chart (c) indicates the voltage 
of a driving pulse of the SLM which is synchronized with 
one display period of the CRT, and the timing chart (d) 
indicates the intensity of an output light from the SLM. As 

40 is shown in the timing chart (c), a unit driving pulse voltage 
signal 404 includes an erasure pulse 402 and a reading pulse 
(characterized by a reading period and a reading voltage) 
403, and the signal 404 is synchronized with a synchroni- 
zation pulse 401 of the CRT display shown in the timing 

45 chart (a). The SLM is driven by the driving pulse voltage 
signal 404. As is shown in the timing chart (b), at a certain 
timing in the reading period of reading pulse 403 of the 
driving pulse voltage signal 404, a phosphor of the CRT 
emits a writing light pulse 405. The light is received by the 

50 photoconductive Layer of the SLM, and the light-modulating 
layer of the SLM is switched into the ON state. As a result, 
as is shown in the timing chart (d), the intensity 406 of the 
output light from the SLM rises. When an erasure pulse 402 
of the next unit driving pulse voltage signal 404 is applied, 

55 the light-modulating layer is switched into the OFF state, so 
that the intensity 406 of the output light from the SLM 
becomes 0. By repeatedly performing the above operations, 
the output light from the SLM can be observed. This method 
has an advantage in that the duty ratio of the reading light 

60 (the ratio of the ON state period of the reading light to one 
driving period) can be increased even in the CRT screen 
having phosphors which emit fluorescence with a short 
decay time. In general, in the case where a negative voltage 
of a large value is applied to the SLM, the SLM may 

65 erroneously be switched into the ON state due to the electric 
field caused by the negative voltage even if the writing light 
is not incident. However, if the driving signal having a 
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waveform shown in the timing chart (c) is used, such a light pulses 508 and 510 have waveforms indicated by 509 

negative voltage having a large value is not applied to the and 511 shown in the timing charts (d) and (0- Even if it is 

SLM, so that the light-modulating layer of the SLM cannot assumed that the writing light pulses 508 and 510 have an 

be erroneously switched into the ON state. In addition, the equal intensity, the averaged value of the intensity of the 

deterioration of the contrast ratio of the image which may be 5 output reading light 511 is smaller than the averaged value 

caused by such erroneous switching can be prevented. It is of the intensity of the output reading light 509 in one-and the 

also reported that, by varying the fluorescence intensity from same period. Accordingly, a viewer senses that the output 

a phosphor on the CRT screen, it is possible to realize the light 511 is darker than the output light 509, that is, the upper 

half-tone display of the output light of the SLM. left portion of the screen 505 is brighter than the lower right 

If an SLM is applied to a projection-type display or a 10 portion thereof. For the above-mentioned reasons, the 

holography television, it is necessary that a stable half-tone brightness of every portion of the output from the SLM is 

display with good contrast and with good controllability can not uniform. 

be performed. SUMMARY OF THE INVENTION 

The conventional SLM could stably have only two optical 
states as the light-modulating layer, and hence the multi- 35 The spatial light modulator of this invention includes a 

domain gray-scale has been used for the half-tone display. pair of facing transparent electrodes, and a light-modulating 

Therefore in this method, as the resolution of the input layer and a photoconductive layer provided between the 

image is increased (i.e., the size of each pixel is reduced), the transparent electrodes, wherein the light-modulating layer 

number of domains included in one pixel is decreased, and has different optical states depending on an applied charge 

hence the number of obtainable gray scales is decreased. 20 amount, the light-modulating layer having: a first optical 

This causes a problem in that it is difficult to perform the state when the applied charge amount is a first threshold 

half-tone display. charge amount or more; a second optical state when the 

Since, in the practical driving of the SLM, the charge applied charge amount is a second threshold charge amount 

control is not performed in the range of the applied charge or less i and a spatially uniform intermediate state between 

amount for obtaining the intermediate state of FLC (e.g., see tnc firs* optical state and the second optical state depending 

U.S. Pat. No. 5,178,445), it is difficult to perform the on the applied charge amount. 

half-tone display with high contrast. In one embodiment of the invention, the photoconductive 
In addition, the time-averaged value of voltages applied to layer has rectification, and generates, when the photocon- 
the FLC is not 0, so that the switching threshold voltage is 30 ductive layer is in a reversed bias condition, a photoelectric 
changed as a function of time due to a drift of ions in the current having a magnitude depending on an intensity of 
liquid crystal molecules. This causes another problem in that writing light incident on the photoconductive layer, 
the input/output response characteristics of the light- In another embodiment of the invention, the light- 
modulating layer are changed as a result of a long time modulating layer includes a ferroelectric liquid crystal layer 
driving. 35 which is sandwiched by two alignment films. 

In the case where one frame of CRT as the writing means In another embodiment of the invention, wherein a spe- 

(i.e., one display period) is completely synchronized with cific resistance of the alignment films is in the range of 10 s 

the driving period of the SLM, it is difficult to make the Q cm to 10 11 Q cm. 

brightness uniform over every portion of the SLM. This is According to another aspect of the invention, a driving 
described below with reference to FIG. 5. In FIG. 5, (a) is 40 method for a spatial light modulator is provided. In the 
a plan view showing scanning tines 501 and 503 on the CRT method, the spatial fight modulator includes a pair of facing 
screen 505. The timing chart (b) shows the waveform of the transparent electrodes, and a light-modulating layer and a 
driving signal (the driving pulse voltage) of the CRT and the photoconductive layer provided between the transparent 
SLM. The timing chart (c) indicates the fluorescence inten- electrodes, the light-modulating layer having different opti- 
sity from a pixel 502 of the CRT screen 505, and the timing 45 ca l states depending on an applied charge amount, the 
chart (d) indicates the intensity of output light from a pixel light-modulating layer having: a first optical state when the 
of the SLM corresponding to the pixel 502. The timing chart applied charge amount is a first threshold charge amount or 
(e) indicates the fluorescence intensity of a pixel 504 of the m0 re; a second optical state when the applied charge amount 
CRT screen 505, and the timing chart (f) indicates the is a second threshold charge amount or less; and a spatially 
intensity of output light from a pixel of the SLM corre- 50 uniform intermediate state between the first optical state and 
sponding to the pixel 504 of the CRT screen 505. me second optical state depending on the applied charge 
In general, the CRT screen 505 is scanned with an electron amount, wherein the photoconductive layer has rectification, 
beam, and light is emitted from the pixels 502 and 504 in the and generates, when the photoconductive layer is in a 
irradiated portion by the electron beam. As a result, the reversed bias condition, a photoelectric current having a 
image is displayed on the CRT screen 505. When the 55 magnitude depending on an intensity of writing light inci- 
electron beam scans the CRT screen 505 from the top to the dent on the photoconductive layer, wherein one period of a 
bottom, the pixel 502 on the scanning line 501 in the upper waveform of a driving voltage includes an erasure period in 
portion of the CRT emits light at an earlier timing, but the which the photoconductive layer is in a forward bias con- 
pixel 504 on the scanning line 503 in the lower portion of the dition and a charge amount larger than the first threshold 
CRT emits light at a later timing. As a result, if the driving 60 charge amount is applied, and a writing period in which the 
pulse shown in (b) of FIG. 5 which includes an erasure pulse photoconductive layer is in a reversed bias condition so as 
506 and a reading pulse 507 is used and the reading period to generate a photoelectric current having a magnitude 
of the reading pulse 507 is set to be substantially equal to one depending 00 an intensity of writing light, and wherein the 
frame of CRT, as a result, the light pulses from the pixels 502 method includes a step of applying the driving voltage to the 
and 504 have waveforms indicated by 508 and 510 shown in 65 two transparent electrodes, so that in the writing period, the 
the timing charts (c) and (e) in FIG. 5. The intensities of the applied charge amount to the fight-modulating layer is kept 
output fight from the pixels of the SLM corresponding to the in the range of the first threshold charge amount or more 
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when the intensity of the writing light is a first threshold 
light intensity or lower, and the applied charge amount to the 
light-modulating layer is reduced to the second threshold 
charge amount or less when the intensity of the writing light 
is a second threshold light intensity of higher. 

In one embodiment of the invention, the light-modulating 
layer includes a ferroelectric liquid crystal layer which is 
sandwiched by two alignment films, and wherein conditions 
of: 

-V tk HCjV.+C m VMCfiC.)-V d , and 



10 



are satisfied, where V e denotes the maximum value of the 
driving voltage in the erasure period, V w denotes the mini- 15 
mum value of the driving voltage in the writing period, C f 
denotes a capacitance of the ferroelectric liquid crystal layer 
without polarization inversion of the ferroelectric liquid 
crystal layer, C fl denotes a capacitance of the photoconduc- 
tive layer, V d denotes a diffusion potential of the photocon- 20 
ductive layer, and -V fA denotes a threshold voltage of the 
ferroelectric liquid crystal layer. 

In another embodiment of the invention, the driving 
voltage V^, in the erasure period and the driving voltage V w 
in the writing period are respectively in the ranges of: 25 

1 VI 7,540 V, and 



-20 V^V„$4 V. 

According to another aspect of the invention, a driving 
method for a spatial light modulator is provided. In the 
driving method, the spatial light modulator includes a pair of 
facing transparent electrodes, and a light-modulating layer 
and a photoconductive layer provided between the transpar- 
ent electrodes, the light-modulating layer having different 
optical states depending on an applied charge amount, the 
light-modulating layer having: a first optical state when the 
applied charge amount is a first threshold charge amount or 
more; a second optical state when the applied charge amount 
is a second threshold charge amount or less; and a spatially 
uniform intermediate state between the first optical state and 
the second optical state depending on the applied charge 
amount, and wherein the driving method includes the steps 
of: applying a driving voltage to the two transparent elec- 
trodes; irradiating the spatial light modulator with writing 
light; measuring an output light intensity of the spatial light 
modulator with respect to at least one writing light intensity; 
detecting a change of the output light intensity as a function 
of time; and performing a feedback to at least one of the 
writing light intensity and the driving voltage, in accordance 
with the detected change of the output light intensity. 

In one embodiment of the invention, the photoconductive 
layer has rectification, and generates, when the photocon- 
ductive layer is in a reversed bias condition, a photoelectric 
current having a magnitude depending on an intensity of 
writing light incident on the photoconductive layer, wherein 
one period of a waveform of a driving voltage includes an 
erasure period in which the photoconductive layer is in a 
forward bias condition and a charge amount larger than the 
first threshold charge amount is applied, and a writing period 
in which the photoconductive layer is in a reversed bias 
condition so as to generate a photoelectric current having a 
magnitude depending on an intensity of writing light, and 
wherein the driving voltage, in the writing period, keeps the 
applied charge amount to the light-modulating layer in the 
range of the first threshold charge amount or more when the 
intensity of the writing light is a first threshold light intensity 
or lowers and reduces the applied charge amount to the 
light-modulating layer to the second threshold charge 



30 



35 



40 



amount or less when the intensity of the writing light is a 
second threshold light intensity of higher. 

In another embodiment of the invention, the light- 
modulating layer includes a ferroelectric liquid crystal layer 
which is sandwiched by two alignment films, wherein con- 
ditions of: 

-V^Cy.+C.VMCftC.yV,, and 

are satisfied, where V # denotes the maximum value of the 
driving voltage in the erasure period, V„ denotes the mini- 
mum value of the driving voltage in the writing period, C f 
denotes a capacitance of the ferroelectric liquid crystal layer 
without polarization inversion of the ferroelectric liquid 
crystal layer, C fl denotes a capacitance of the photoconduc- 
tive layer, V d denotes a diffusion potential of the photocon- 
ductive layer, and -V^ denotes a threshold voltage of the 
ferroelectric liquid crystal layer, wherein the driving method 
includes a step of keeping values of L 2 and L, constant by 
changing at least one of V„ V w , T w and x, the values of L 2 
and L-2 being defined by 

i J -(M'/n0(C'AC - )(v /o +v lA )/r w T, 

L=(hvftv)(V>JT„T), and 

where T w denotes a width of the writing period, x denotes a 
ratio (utilization efficiency) of an intensity of light actually 
incident on the photoconductive layer to the intensity of the 
writing light, hv denotes a photon energy of the writing light, 
T| denotes a quantum efficiency of the photoconductive layer, 
and e denotes an electron charge. 

In another embodiment of the invention, the driving 
method further includes the steps of: measuring changes 
dY A and <SY B in output light intensities of the spatial fight 
modulator as a function of time with respect to two different 
writing light intensities L=L A and L«L^; obtaining changes 
dLj and dL, of L a and by using equations of 



and 



45 



A-(ay/aio^(ai7ai,) i ,^-(5y/ai J ) t ^ l -(ay/ai 1 )i.-^and 



changing V„ V w , T„ and x by amounts equal to dV„ dV^, 
dT w and dx, respectively, so as to satisfy relationships of 

50 -dL^(dlJdV^dV^dLJdVJ)dV w ^dLJdTJ)dr w ^SLjaT)^ and 

-dL^BLJdT w )dT w +{BLJdt)dx. 

In another embodiment of the invention, the driving 
method further includes the steps of: measuring changes 
55 dY A and dY^ in output light intensities of the spatial light 
modulator as a function of time with respect to two different 
writing light intensities L=L A and L-L^; obtaining changes 
dL 2 and dL, of L a and by using equations of 

dLA<*YldL^^dY A ^dYld\^ M dY B )/£i, 



and 



65 



A-(dr/dL 1 ) L ^,(dWI (dY/dLX-LAiWdL^ 



; and 



changing V e , V^, and x by amounts equal to dV e , dV„, 
dT w and dx, respectively, so as to satisfy relationships of 
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dvj {dL x idT w yn t -{dLjd TjdLMiai (atyarjl 

dT w —(dLJdT w )- l dL s , and 

In another embodiment of the invention, the driving 
method further includes the steps of: measuring changes 
dY A and 6Y B in output light intensities of the spatial light 
modulator as a function of time with respect to two different 
writing light intensities L-L* and L-L B ; obtaining changes 
dLj and dL, of L a and L, by using equations of 

and 

^(BY(aL^ L ^idY/dLX^<dy/dL t ) L ^ {dY/dL^ L ^ and 

changing V e , V^, and x by amounts equal to dV e , dV^, 
dT„ and dx, respectively, so as to satisfy relationships of 

<W„-[{dL ,fi ) dL ,-(dLJi) dL1 ]/[ {SL x ldV^{SLJdt)\ 

dT„=0, and 

<k-(dLJdxy*dL.. 

In another embodiment of the invention, the driving 
method includes a step of measuring output light intensities 
of the spatial light modulator with respect to three or more 
different writing light intensities. 

In another embodiment of the invention, the driving 
method further includes the steps of: irradiating the spatial 
light modulator with the writing light via an image presen- 
tation portion and an intensity modulating portion which 
modulates an intensity of an image presented on the image 
presentation portion; and performing a feedback to a trans- 
mittance of the intensity modulating portion, in accordance 
with a change of the output light intensity as a function of 
time. 

In another embodiment of the invention, the writing light 
is generated from a CRT, and the driving method comprises 
a step of performing a feedback to an electron beam current 
value of the CRT in accordance with the change of the output 
light intensity as a function of time. 

In another embodiment of the invention, the measurement 
of the output light intensities of the spatial light modulator 
is performed directly after the output side of the spatial light 
modulator. 

In another embodiment of the invention, one period of the 
driving voltage waveform for driving the spatial light modu- 
lator is shorter than one display period of an image formed 
by the writing light. 

In another embodiment of the invention, a ratio of one 
display period of an image formed by the writing light to one 
period of the driving voltage is in the range of 1.5 to 1000. 

In another embodiment of the invention, the output Light 
intensity of the spatial light modulator with respect to the 
writing light intensities with the first threshold light intensity 
or lower of the spatial light modulator is substantially 0, the 
output light intensity with respect to the writing light inten- 
sities between the first threshold light intensity and the 
second threshold light intensity is increased as the writing 
light intensity is increased, and the output light intensity 
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with respect to the writing ligjit intensities which exceeds 
the second threshold light intensity has substantially no 
dependence on the writing light intensity. 

In another embodiment of the invention, the writing light 

5 intensity to the spatial light modulator is substantially 
monotonously decreased as a function of time in one display 
period of an image formed by the writing light, the maxi- 
mum value of the writing light intensity directly prior to the 
end of the display period is the second threshold light 

10 intensity or higher, and the maximum value decays to be the 
first threshold light intensity or lower in a period in which an 
image is rewritten by the writing light. 

In another embodiment of the invention, the writing light 
is generated from a CRT. 

15 In another embodiment of the invention, the driving 
voltage applied in the erasure period is in the range of +2 V 
to +30 V by regarding a direction in which the photocon- 
ductive layer is forward-biased as a positive, and the driving 
voltage applied in the writing period is in the range of -30 

20 V to +2 V. 

In another embodiment of the invention, one period of the 
driving voltage is constituted by a sequence of the erasure 
period, a first low voltage period, the writing period, and a 
second low voltage period. 

25 In another embodiment of the invention, the second low 
voltage period is longer than the first low voltage period. 

In another embodiment of the invention, the driving 
voltage applied in the erasure period is in the range of +2 V 
to +30 V by regarding a direction in which the photocon- 

30 ductive layer is forward -biased as a positive, the driving 
voltage applied in the writing period is in the range of -30 
V to -2 V, and the driving voltage applied in the second low 
voltage period is in the range of -2 V to +2 V. 

In another embodiment of the invention, the ferroelectric 

35 liquid crystal layer and the photoconductive layer are elec- 
trically in contact with each other via a metal reflection film 
which is divided and separated into minute portions. 

According to another aspect of the invention, a spatial 
light modulating apparatus is provided. The spatial light 

40 modulating apparatus includes: a spatial light modulator 
including a light-modulating layer and a photoconductive 
layer provided between two facing transparent electrodes, 
the light-modulating layer having different optical states 
depending on an applied charge amount, the light- 

45 modulating layer having: a first optical state when the 
applied charge amount is a first threshold charge amount or 
more; a second optical state when the applied charge amount 
is a second threshold charge amount or less; and a spatially 
uniform intermediate state between the first optical state and 

50 the second optical state depending on the applied charge 
amount; means for applying a driving voltage to the two 
transparent electrodes; means for irradiating the spatial light 
modulator with writing light; means for measuring an output 
light intensity of the spatial light modulator with respect to 

55 at least one writing light intensity; means for detecting a 
change of the output light intensity as a function of time with 
respect to the at least one writing light intensity; and means 
for performing a feedback to at least one of the writing light 
intensity and the driving voltage in accordance with the 

60 detected change of the output light intensity. 

According to another aspect of the invention, a liquid 
crystal device is provided. The liquid crystal device includes 
a ferroelectric liquid crystal layer sandwiched by two oppos- 
ing alignment films, and means for applying charges to the 

65 ferroelectric liquid crystal layer, wherein a specific resis- 
tance of the alignment films is in the range of 10 s Q cm to 
10" Q cm. 
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Thus, the invention described herein makes possible the 
advantages of (1) providing a spatial light modulator which 
can realize a half-tone display with high contrast, (2) pro- 
viding a spatial light modulator which is stable for a long use 
of time, (3) providing a spatial light modulator which can 
display an image with uniform brightness, and (4) a driving 
method for such a spatial light modulator. 

These and other advantages of the present invention will 
become apparent to those skilled in the art upon reading and 
understanding the following detailed description with refer- 
ence to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows waveforms for illustrating a driving method 
for an SLM according to the invention. 

FIG. 2 shows conventional driving pulse waveforms. 

FIG. 3 shows a driving pulse waveform according to the 
invention. 

FIG. 4 shows an exemplary conventional driving method 
during the writing by a CRT. 

FIG. 5 shows pulse waveforms for illustrating that a 
uniform brightness is not obtained on the screen by the 
conventional driving method. 

FIG. 6 is a cross-sectional view showing an exemplary 
construction of an SLM having a metal reflective film which 
is divided into minute portions. 

FIG. 7 is a cross-sectional view showing another exem- 
plary construction of an SLM having a metal reflective film. 

FIG. 8 is a cross-sectional view showing an exemplary 
construction of an SLM having a dielectric mirror. 

FIG. 9 is a circuit diagram illustrating the operation of the 
SLM. 

FIG. 10 shows the current -voltage characteristics of a 
photoconductive layer with rectification. 

FIG. 11 is a circuit diagram corresponding to that of FIG. 
9 except that the photoconductive layer is shown as an 
equivalent circuit. 

FIG. 12 shows the polarization inversion characteristics 
of an FLC layer. 

FIG. 13 is a timing diagram showing the changes as a 
function of time in potential and transmittance of a metal 
reflective portion of the SLM. 

FIG. 14 is another timing diagram showing the changes as 
a function of time in potential and transmittance of a metal 
reflective portion of the SLM. 

FIG. 15 shows theoretical curves showing the relationship 
between input and output light intensities of the SLM. 

FIG. 16 shows a system for measuring the input/output 
light intensity characteristics of the SLM. 

FIG. 17 shows the measured input/output light intensity 
characteristics of the SLM. 

FIG. 18 shows the relationship between a transmittance of 
the FLC layer and a voltage when the switching threshold 
voltage is not clear. 

FIG. 19 shows a system of a projection-type display. 

FIG. 20 shows a system of a holography television. 

FIG. 21 shows a system of a projection-type display 
additionally having a feedback system. 

FIG. 22 shows waveforms for illustrating a driving 
method using a CRT according to the invention. 

FIG. 23 shows a driving pulse waveform and the output 
light intensity corresponding thereto. 

FIG. 24 shows another driving pulse wave-form and the 
output light intensity corresponding thereto. 
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FIG. 25 shows the input/output light intensity character- 
istics of the SLM. 

FIG. 26 shows the change of fluorescence intensity of a 
CRT as a function of time and shows waveforms for 
s illustrating the relationship between two threshold values of 
the SLM. 

FIG. 27 shows particular waveforms of the driving pulse 
according to the invention. 

FIG. 28 shows that the half-tone state can be realized by 
10 controlling the applied charge amount. 

FIG. 29 shows equivalent circuits of FLC considering the 
alignment film. 

DESCRIPTION OF THE PREFERRED 
i5 EMBODIMENTS 

First, the principle for performing the grayscale display in 
an SLM according to the invention is described. If a medium 
which displays uniform and continuous gray-scale states is 
used as the light-modulating layer, it is possible to cootinu- 

20 ously realize the states between the ON and the OFF states, 
irrespective of the number of domains in one pixel. That is, 
even in an extreme case where only one domain exists in one 
pixel, the gray-scale can be displayed. Therefore, in a case 
where an image with high resolution is to be displayed (i.e., 

25 in a case where the size of a pixel is small), the gray-scale 
display can be performed. 

If the medium used as the light-modulating layer can 
realize only two optical states, i.e., ON and OFF by con- 
trolling the applied voltage, there may be a case where a 

30 uniform state between the ON and the OFF states can be 
stably realized by controlling the amount of externally 
applied charges, instead of the voltage. By driving such a 
medium using a driving circuit of charge control type (for 
example, by connecting a current source, instead of a 

35 voltage source), the intermediate state can be realized. If the 
amount of currents output from the current source is varied 
depending on the intensity of writing light, it is possible to 
control the intermediate state in accordance with the inten- 
sity of writing light. A photoconductive layer with rectifi- 

40 cation can be used as such a current source. 

Next, a driving method for the above-described SLM 
having a light-modulating layer which can take a uniform 
and stable intermediate state depending on the charge 
amount and a photoconductive layer with rectification will 

45 be described. Specifically, the case where the modulator is 
driven by using a driving voltage waveform including an 
erasure period and a writing period is described. The amount 
of charges at the transition from the OFF state to the 
intermediate state and the amount of charges at the transition 

50 from the intermediate state to the ON state are represented 
by Q 2 and Q 2 , respectively. In other words, Q ^Q a , where Q n 
is the applied charge amount means the OFF state, 
Qi>Q>Q 2 means the intermediate state, and Q 2 ^Q means 
the ON state. When the erasure pulse is first applied in the 

55 erasure period, the applied charge amount Q to the light- 
modulating layer is equal to or larger than Q Jt so that the 
slate is forcibly returned into the OFF state. Next, in the 
writing period, the photoconductive layer generates a pho- 
toelectric current depending on the writing light intensity. If 

60 the writing light intensity is sufficiently low, the state of 
Q^Q, is maintained during the writing period. If the writing 
light intensity is sufficiently high, a photoelectric current 
which is sufficient for changing the charge amount Q so as 
to be equal to or lower than Q 2 is generated. In this way, the 

65 intermediate state can be realized in a wide range between 
the OFF and the ON stales. As a result, a gray-scale display 
with high contrast can be performed. 
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Next, a principle of stabilization of performance of the portions. Then, an alignment film 608 (e.g., a thin polymer 

SLM io the time dimension is described. Physical param- film of polyimide or the like) for aligning liquid crystals is 

eters such as the switching threshold voltage of FLC may formed thereon. On another substrate 612 (e.g., glass), a 

change by the driving for a long time. If the driving transparent conductive electrode 611 (e.g., ITO, ZnO, Sn0 2 , 

conditions are varied depending on the change, the input/ 5 etc.) is formed. An alignment film 610 (e.g., a thin polymer 

output light intensity characteristics (the relationship film of polyimide or the like) is coated thereon. As the final 

between the writing light and the output light intensity) cao step, the two substrates 601 and 612 having the above 

be constantly maintained. Thus, a stable gray-scale display constructions are attached to each other with a certain gap 

with good controllability is obtained. therebetween, and FIX 609 are injected and sealed in the 

Next, the principle of realizing a uniform image display is 10 g a P- 

described. When plural units of driving signals (driving material for the photoconductive layer 606 can be 

pulses) are applied to the SLM in one frame of the CRT, the selected, for example, from: compound semiconductors 

writing and the erasure of the information displayed on the suc h as CdS, CdTe, CdSe, ZnS, ZnSe, GaAs, GaN, GaP, 

CRT screen to and from the SLM are repeatedly performed GaAlAs, and InP; amorphous semiconductors such as Se, 

in one frame. In such a case, the writing information to the 15 SeTe, and AsSe; polycrystalline or amorphous semiconduc- 

SLM or the output light intensity from the SLM in each unit lors such >f Si, Ge, Si^C,, Si^Ge,, and Ge,_ x C x (0<x<l); 

driving signal (driving pulse) substantially corresponds to organic semiconductors such as (1) phthalocyanine 

the fluorescence intensity from the phosphor on the CRT pigments (abbreviated as Pc) such as nonmetal Pc, XPc 

screen sampled at the lime. Accordingly, if one period of this (X=Cu, Ni, Co, TiO, Mg, Si(OH) 2 , etc.), AlClPcCl, 

unit driving signal (driving pulse) is substantially shorter 20 TiOClPcCl, InClPcCl, InClPc, and InBrPcBr, (2) azo col- 

than the decay time constant of the fluorescence intensity orm g matters such as mono azo coloring matters and dis azo 

from phosphor on the CRT screen, the envelope which coloring matters, (3) perylene pigments such as perylenic 

smoothly links the peak values of output light intensities of acid anhydride and perylenic imide, (4) indigoid dyes, (5) 

the SLM in the respective unit driving signals (driving C.I. Pigment Violet 1, (6) polycyclic quinones such as 

pulses) is substantially identical with the curve indicating 25 anthraquinones, and pyrenequinones, (7) cyanine coloring 

the change of the fluorescence intensity from phosphor as matters, (8) xanthene dyes, (9) charge-transfer complexes 

the function of time. This means that an image which is such a * PVK/TNF (Polyvinylcarbazole/Trinitrofluorenon), 

obtained by directly viewing the CRT screen can be obtained eutectic complex formed of pyrylium salt dye and 

on the output face of the SLM. As a result, uniform output polycarbonate resin, and (11) azulenium salt compound, 

light intensities can be obtained irrespective of the position 30 If the amorphous semiconductors such as Si, Ge, Si^Q,, 

on the screen of the SLM. * si /-x Ge ^ and Ge^C, (hereinafter abbreviated as a-Si, a-Ge, 

The emitted light intensity L from the phosphor on the a-SU/C,, a-Si^Ge and a-Gc^CJ are used for the pho- 

CRT screen in one frame (the time is referred to as T CRT ) Joconduaive layer 606, hydrogen or halogen elements may 

decays substantially as an exponential function, and the be contained, and oxygen or nitrogen for reducing the 

emitted light intensity L is expressed as in Equation (9) by 35 ^lectnc constant and for increasing the resistivity may be 

using a time t contained. In order to control the resistivity, elements such 

as B, Al, Ga which are p-lype impurities, or elements such 

L-L;ccp(-ttx) (9) as P> As> Sb which are n-type impurities may be added. In 

order to control the dielectric constant and the dark resis- 

(O-t-Tciu) 40 tance or the operating voltage polarity, a junction of p/n, p/i, 

. j . ..... , c il ... j t • i_. • r i/n, or p/i/n is formed by depositing amorphous materials to 

where L. is an initial value of the emitted light intensity of JZi~u ,- „~,,^ ' «aa*a «* *Z e „ i , 

.t_ /-Ti^ . • * i i ^ a a. a i t . which such impurities are added so as to rorm a depletion 

the CRT, and x is the decay time constant. A value L f at the r . . , , ctvc r . , r c 

. e f . 3 , . r , region in the photoconductive layer 606. Instead of the 

end of one frame is expressed as m Equation (10) by * , , . , 1 ■ j r t_ 

substitutin T for t in E uation (9) amorphous materials, two or more kinds of above- 

su s i u ng CRT or in qua ion ^ ). ^ mentioned materials may be deposited for forming a 

LfLi cxp(-T CR1 n) (10) heterojunction, so as to form a depletion region in the 

photoconductive layer 606. The thickness of the pholocon- 
The input light (writing light) intensity at which the output ductive layer 606 is desirably 0.1-10 pm. 
light intensity from the SLM starts to saturate is represented Next, an example of a fabrication method for the SLM is 
by Lj. If Lf^L^, the SLM repeatedly performs almost the so specifically described. First, an ITO thin film as a transparent 
maximum output state over one frame, so that the maximum conductive electrode 602 was deposited on a glass substrate 
brightness as the integration over one frame can be obtained. 601 (40 mmx40 mmx0.3 mm) by sputtering. The thickness 
In the case where the emitted light intensity from the CRT of the ITO film was set to be 1,000 angstroms. Then, 
lowers below Lj in the middle of one frame (Lf<l^, i.e., amorphous silicon (a-Si:H) having a pin structure as a 
L,<L2 exp(T CRT fr;), the output light intensities of the SLM 55 photoconductive layer 606 was deposited by plasma chemi- 
thereafter are not the maximum one. This means that if L ; is cal vapor deposition (CVD). In this deposition, the thick- 
varied in the range including O^L^Lj exr^T^j/t), it is nesses of a p-layer 603, an i-layer 604, and an n-layer 605 
possible to realize the gray-scale display with frill contrast as were 1,000, 17,000, and 2,000 angstroms, respectively, and 
the integration value over one frame. the total thickness as the photoconductive layer 606 was 2 

An exemplary SLM according to the invention is shown 60 /an. As impurities, B (boron) of 400 ppm was added to the 

in FIG. 6. A transparent conductive electrode 602 (e.g., ITO, p-layer 603, P (phosphorus) of 40 ppm was added to the 

ZnO, Sn0 2 , etc.), and a photoconductive layer with rectifi- n-layer 605. No impurities were added to the i-layer 604. 

cation 606,(or a photoresponsive layer) are formed on a Next, Cr was formed over the entire top face by vacuum 

transparent substrate 601 (e.g., glass). A metal reflective film evaporalion, so as to form a metal reflective film 607. The 

607 (e.g., a metal such as Al, Ti, Cr, or Ag, or a lamination 65 metal reflective film 607 was then divided into minute 

of two or more kinds of metals) is formed thereon. The metal portions by using a photolithography technique. Each 

reflective film 607 is divided and separated into minute minute portion of the metal reflective film 607 had a size of 
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20 /mix20/zm, and a width between pixels was set to be 5 (the writing voltage V„ and the writing period J J) alter- 
am. The number of pixels was 10 6 (1,000x1,000). Then, a nately continue. 

polyamic acid was applied thereon by a spin coat method, FIG. 9 shows one pixel portion of the SLM 717 in FIG. 

and the polyamic acid was thermally cured, so as to form a 7. As is shown in FIG. 9, the pixel portion can be regarded 

polyimide alignment film 608. The thickness of polyimide 5 as a series circuit of an FIX layer 903 and a photoconductive 

was set to be 100 angstroms. The aligning process was layer 902. Herein, the driving voltage supplied from a 

performed by unidirectionally rubbing the surface of the driving power source 901 is indicated by V^, a voltage 

alignment film 608 with a nylon cloth. across the FLC layer 903 is indicated by and a voltage 

In the same way, an ITO transparent conductive electrode across the photoconductive layer 902 is indicated by V a 

611 and a polyimide alignment film 610 were formed on the 10 (-V^-Vy). Thus, the potential of the metal reflective film 

substrate 612 (glass), and the aligning process was per- 710 is The reference numeral 904 denotes a writing light, 

formed. Next, beads each having a diameter of 1 /mi were The photoconductive layer 902 has the diode 

distributed over the substrate 612, and the substrate 601 was characteristics, so that the photoconductive layer 902 is in a 

attached to the substrate 612. Thus, a gap of 1 /zm was low-resistance state during the application of forward bias 

formed between the substrates. As the last step, FLC 609 15 voltage, and is in a high-resistance state during the appli- 

were injected into the gap, and a thermal treatment was cation of reverse bias voltage, so as to generate a photo - 

performed, whereby an SLM 613 was completed. electric current. For simplicity, the diode characteristics are 

Another construction of the SLM is shown in FIG. 7. The assumed to be ideal (i.e., the forward resistance is 0, and the 

SLM includes a photoconductive layer 707 with a p-layer reverse resistance is infinity), and the dark current is 

704, an i-layer 705, and an n-layer 706, a ferroelectric liquid 20 assumed to be so small as compared with the photoelectric 

crystal layer 711 which is sandwiched between alignment current that it can be neglected during the application of the 

films 712 formed on a substrate 714, and a metal reflective reverse bias voltage. The current-voltage characteristics of 

film 710. The fundamental structure is the same as that of the the photoconductive layer under the above conditions are 

SLM shown in FIG. 6, but the SLM shown in FIG. 7 is shown in FIG. 10. FIG. 10 shows current-voltage charac- 

different in the following points. 25 teristics 1002 and 1001 with and without light irradiation. 

(1) An input light blocking film 702 of a metal such as Cr, Herein, W d indicates the diffusion potential of the diode, and 

Al, Ti, or Ag is formed between a substrate 701 and a V d can be defined as a value of V a at the crossing of the 

transparent conductive electrode 703. The input light block- curve of current-voltage characteristics 1002 during the light 

ing film 702 prevents the writing light from reaching a pixel irradiation and the horizontal axis. The value of V rf is usually 

separation 715, because the writing light reduces the resis- 30 in the range of about 0.1 V to 5 V. The photoelectric current 

tance of the pixel separation 715 and causes the crosstalk to indicated by \ h has the following relationship with the 

occur between pixels 716, thereby degrading the resolution. writing light intensity L. 



(2) Between the adjacent portions of the metal reflective 
film 710, the whole of the n-layer 706 and part of the i-layer 



/,*-(tWAv)L (11) 



705 of the photoconductive layer 707 are removed by 35 where e denotes the charge of an electron, h v denotes the 

etching, so as to form a groove. Accordingly, the adjacent energy of the photon, t| denotes the quantum efficiency of 

portions of the metal reflective film 710 are prevented from carrier generation by the photon. In the case where the 

being connected via the low-resistance n-layer, i.e., they are photoconductive layer 902 is in the reverse bias state, and a 

electrically separated from each other, so that the resolution transient phenomenon is to be treated, it is necessary, as is 

is improved. 40 shown in FIG. 11, to perform the analysis by regarding a 

(3) An output light blocking film 708 of a metal such as photoconductive layer 1102 as a parallel circuit of the 
Al, Cr, Ti, or Ag is formed on a bottom face of the groove current source \ ph and the capacitance of the photoconduc- 
which is formed in the above step (2). Accordingly, it is tive layer C a (^E a Eo/d a , where e fl denotes a specific dielec- 
possible to avoid an erroneous switching operation which is trie constant, Eq denotes a dielectric constant of vacuum, 
caused by the reading output light which travels to the 45 and d a denotes the thickness of the photoconductive layer), 
photoconductive layer 707 side. In addition, the intensity of The reference numeral 1101 indicates a driving power 
the reading light can be increased. source and the reference numeral 1104 indicates writing 

(4) An organic output light blocking film 709 is inserted light. 

into the groove. Accordingly, the reading light can be more The resistance of the FLC layer 1103 is very high, so that 

intensively blocked. 50 only the capacitance component is considered. If there is no 

An SLM can have other constructions such as shown in polarization inversion of liquid crystals, it is assumed that 
FIG. 8. The SLM 810 includes two transparent electrodes there only exists the capacitance C f (-G^/cy) where (f 
802 and 806 formed on two substrates 801 and 807, a denotes a dielectric constant without the polarization 
photoconductive layer 803, a dielectric mirror 804, and a inversion, and d / denotes the thickness of the liquid crystal 
ferroelectric liquid crystal layer 805. Alignment layers 808 55 layer) which is determined by the geometric shape of the 
and 809 are formed on the dielectric mirror 804 and the FLC layer 1103. However, if there occurs a polarization 
transparent electrode 806, respectively. In FIG. 8, a dielec- inversion, the hysteresis of the polarization should be con- 
trie reflective film 804 is formed over the entire face instead sidered. In general, there exists the hysteresis characteristics 
of the metal reflective film 607 in FIG. 6. between the applied voltage and the polarization charge 

Next, the driving method and the operating principle of an 60 P of the FLC as is shown in FIG. 12(a). In FIG. 12(a), as the 

SLM will be described. Herein, the SLM 717 shown in FIG. applied voltage changes from the positive voltage to the 

7 is exemplarily used for the description. As the driving negative voltage, the polarization has a path 

voltage applied between the two transparent conductive A-*G-*B-»C-»D. As the applied voltage changes from the 

electrodes 703 and 713, a driving voltage having a wave- negative voltage to the positive voltage, the polarization has 

form as shown in FIG. 3 is exemplarily used. In the 65 a path D-»C-*E-*G-»A. Herein, P, denotes the magnitude 

waveform shown in FIG. 3, an erasure pulse 301 (the erasure of the spontaneous polarization, and V rt or - V A denotes the 

voltage V, and the erasure period T e ) and a writing pulse 302 threshold voltage of switching. 
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The charge Q stored in the metal reflective film 710 is The reference numerals 107a, 1076, and 107c indicate the 
expressed as follows by considering the polarization charge output light intensities corresponding to the applied voltages 
P. 105a, 1056, and 105c, respectively. 

First, the case where the erasure pulse 101 is applied 
Q-Cfrp (12) 5 (V^oVJ is considered. The width of this pulse T, (erasure 

TTie transmittance T of the liquid crystal layer is expressed P c ™ d > *** *? y olta S c value V tf (erasure voltage) are 
as follows sufficient, the photoconductive layer 902 becomes mto the 

forward-biased state, and the FLC layer 903 becomes into 
the OFF state (corresponding to the A point in FIG. 12, 
r-(i-P/PJ/2 (13) 10 m tn ^ s casc » th c applied voltage to the FLC layer 

903 is obtained by the following equation, as indicated by 
The path A-»B-*C-*D is considered in accordance with the broken line. V^V^-V^. The applied charge Q is obtained 
Equations (12) and (13). First, as to the path A-*B, P-P x , by Q-C, (V,-V^+P, (>Qj). 

T=0, and QoCV^+P, (where V^-V fA , and Q ^-C^V^+pj. Next, the instance (time t=0) at which the driving voltage 
As to the path B^C, P-Q+C/V^ T^l-(Q+C / V th )/pjk 15 is varied from V^-V, to V^-V^ is considered. At this 
(where V^-V^ -C^V A -P f <Q<-(yV rt +P,). As to the path instance, a current flows, so that the stored charges to the 
C-*D, P«=P„ T-l, and C-C f V r P s (where V f S-V rh , FLC layer 903 and the photoconductive layer 902 as a 
Qs-CyV^-Pj). Considering the above, the charge amount capacitor are changed. The capacitance of the photoconduc- 
Q and the transmittance T have the relationship as shown in tive layer 902 is C fl , and the polarization inversion is not 
FIG. 28. Herein, and Q 2 are threshold charge amounts 20 induced in the FLC layer 903 due to its inertia at this 
defined by the following expressions. instance. Accordingly, the value of P is not changed in 



Gi-c/VP, (ioi) 



Equation (12), and P remains P-P,. Assuming that the value 
of Vy at this instance is represented by V^, the following 

Qft-CVfr-P, relationship is established by considering the charge pres- 

25 ervation in the metal reflective film portion. 

In FIG. 28, the symbols A to D correspond to those shown 
in FIG. 12(a). As is seen from the figure, an intermediate 

state (between B and C; Q 2 <Q<Q l ) is surely generated other {c^+pyic/y-v^p^c.^-vrf-v,} (14) 

than the OFF state (between A and B; Q^Q) and the ON __ ... . 

state (between C and D; Q<Q 2 ) Hie intermediate state is 30 In u »his relauonship, ^charge in the FLC layer 903 is 

regarded as a state in which the charges of the polarization ° btajned b * ^ uatl ° n photoelectric current at 

of + P, and the polarization of -P, are two-dimensionally ™ g[M By EqUatl0D (14) ' V * 15 repre " 

distributed or a state in which the FLC molecules are sented as toUows 

uniformly in the middle of the polarization inversion. Vfl-(c f v e u: a v w )/(c^c a yv d (is) 

The characteristics in FIG. 12(a) are very ideal, so that in 35 

actuality the threshold voltage has no specific value and the If the applied charge amount at this instance is represented 

voltage value in the switching intermediate state (between B by Q 0 , Q 0 is represented as follows: 
and C) may have a width as is shown in FIGS. 12(6) and 

12(c). In such a case, if the slope dP/dV / is sufficiently larger Qo"C^p a ^ x +cfy^v^ (103) 

than C, in the intermediate state, the following analysis is 40 kT A At c . 

appro^mately applied. In this case, in the curve of Next, the vanatjon of the potenUal V,,n the case where 

A-G^B-C-D, the value of V, at the position where the Ae ™ U " g f"? d T ~ 'V" ly l ? ng f consldere t . d 

polarization inversion progresses '\0% (T-0.1, i.e., P-(4/5) , ~~ ^''f ^ 7 Q £" ^ ^ VSS f . 

h is defined as -V* (there may be a case where V„<0). In =° e ™,«f betw ' eQ A ,?"L B m ™\?f\ 0W *?\* 

•* ir t u t>0, untfl reaching the B point, V, is changed by the 

some cases, the curve itself may not be symmetric with 45 ' , B T v . ' . f _ . B . , . 

respect to the origin. In such cases, the curve photoelectric current \ p ^. The variation of the potential Vy in 

D-C-E-G-A is neglected, and only the curve slate 15 re P rescfllcd fo " ows b V thc ™™« show ° * 
A-*G-*B-*C-»D is used, so as to obtain -V f/l . In the cases 

of FIGS. 12(6) and (c), the same Q-T curve as that in FIG. c a {djdt){V w -v>-i h -dQidi=CJVJdt (16) 

28 can be obtained. In both cases, Q x and Q 2 are obtained by 50 

the following equations. that is, 



QrCf/t+PrCp^p, (102) 



dV/dt-WCftCJ (17) 



where V B and V c denote voltage values at the points B and * ^en this equations evaluated by using the initial condi- 

C, respectively. Uon of V /"%d at tss °> v /> p > Q and tne transmittance T are 

'By considering the above, the operation of the SLM is obtained " follows: 

described by using the driving pulse wave-form shown in v v . j\<cac ) 

FIG. 1. FIG. 1 shows the driving pulse and the output light 60 r ^ 

intensities corresponding to the driving voltage. The driving p*p s (18) 
pulse 103 includes an erasure pulse 101 and a writing pulse 

102. The reference numeral 104 indicates a voltage applied G-2<r{C/( c /^J)V 

to a ferroelectric liquid crystal layer during an erasure M 

period. The reference numerals 105a, 1056 and 105c indi- 65 

cate voltages applied to the ferroelectric liquid crystal layer The time t«=t 3 at which the polarization charges reach the 

in case of V /D >-V cfc , V /0 >-V (A , and V /D <-V |A , respectively. point B is the time at which Vy— V rt (i.e., Q-QJ. 
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After reaching the point B, the polarization inversion is ^{{-{Po-l^iP^n 
performed while maintaining the relationship of V/=-V^ 

(between B and C in FIG. 12). The change of the polariza- In F 16 - U > when p — p *> me P omt c » reached at a time L> 

tion charge P is represented as follows by Equation (12). . which * represented as follows: 

-I^-dQIdt-dPfdt (20) hrVo+Pytfik (27) 

When t-tj, P=P„ so that V* P, Q and the transmittance T are Sincc V / in ^ can bc represented in the same way as 
represented as follows: 10 Equation (17), P, Q, and T are represented as follows: 

P~P, (28) 
15 MriCACfiCjyjHa 



P-P,-W-<d (21) 



7-1 



FIG. 14 shows the changes of Vy-and T in the writing period 

The above equations indicate that the polarization inversion 9n of * e ™fmg P uke 30 <? ^ hich are described above 

state is defined by the charges generated by the photoelectric 20 Ncxt > te change of the output light intensity Y with 

current in this period. The time at which the polarization res P ect to ^ Q m P ut h g ht ^tensity L is analyzed in each of 

inversion is terminated, i.e., the time tj at which the polar- the aDOVC cases (*) and ( 2 )- In me above description, it is 

ization charges reach the point C in FIG. 12 (Q=Q 2 ) is the assumed that T„ is infinitely large, and the progress after the 

time at which P— P, in Equation (21) and represented as erasure pulse 301 is analyzed. However, in the actual driving 

follows: 25 pulse waveform, the reset is performed again at t-t^, and the 

same operation is repeated in each of succeeding periods. 

tfti+lpjlpk (22) Therefore, the output light intensity Y is observed as the time 

. averaged value of the transmittance T=T(t) in the writing 

When fc^ the polarization charges P are fixed (P— P,), so iod of ^ ^ ^ 302 (0 ^TJ as follows: 

that the change of V f is represented m the same way as in 30 

Equation (16) or (17). The equation is evaluated by using the T 

condition of V^-V^ at t^, the following are obtained. y = i f W T(t)dt ( ) 

p=-p^ (23) 35 As the input light intensity L is varied, the photoelectric 

current 1^ is changed in accordance with Equation (11). 

Q=Q Z - {cftCj+cjyi^t-tj Also, the values of the time t 3 , tj, or t 3 in Equation (1 9), (22) , 

or (27) is changed. When T„ is fixed, the magnitude rela- 
tionship among T^ and t n , or t 3 is changed in accordance 

FIG. 13 shows the changes of V. T, and Q in the writing 40 ™ th L As a result, the region in the integration interval of 

period of writing pulse 302 which are described above. E ? uatl0 f ( 30 > 15 * han S ed > so u that lh u e ^^ession is also 

(2) Next, the case of V yD <-V fA , i.e., Q 0<G1 is considered. At By considering the above, when the value of Y m 

the instance of t^O, the liquid crystal layer does not follow Equation (30) is actually calculated, the results are as 

the polarization inversion due to its inertia. However, the follows: 

polarization inversion occurs in a very short time period 45 (1) In the case of V^^-V^: 
(several tens of /^sec.), and it is fixed to a certain polarization 

state between B and C in FIG. 12. The potential V / is also K=0 (L<Ll) 

fixed to Vjp. If the polarization charge P is represented by P 0 , y~(LI2LM\-L (LfiL ^l^l +IJ 

the following relationship is established based on the charge " 111 

preservation. 50 Y-\-{?L x +L a )r2L(L x +L,<L) (31) 

{-cy*+P^Cfa+P^& w +VA-c.<y„-Vd (24) (2) In the case of V^-V*: 

Equation (24) can also be represented in the following way. y-fi^^/U^I^+lJ 

PfMC.+CjKYik+Vjd (25) 55 Y-l-(L l +Lf/2L a L{L 1 +L*L) (32) 

This transient phenomenon occurs instantaneously, so that it where, 
is analyzed supposing the equilibrium state P-P 0 is realized 

at t=0. The change of the polarization charge P in t>0 is VC* v Aie)(*/^J(V v i*V r » ( 33 > 

indicated by the path from B to C in FIG. 12. The polar- 60 
ization charge is changed in accordance with Equation (20). 



L,-(Wn*)(2/yrj 



If P=P 0 at toO, V,, P, Q and T are represented by the FIG. 15 is a graph showing the relationship between the 
following equations: input Ught mtensitv L and the output light intensity Y. In 

FIG. 15, (a) is a case of V^^V^, (b) is a case of V^o-V^, 
v r -v A 65 ^d (c) is a case of Vp<-V^. As is seen from the graph, in 

the case of (a), the reading light intensity does not rise until 
P-Pq-i^ (26) the writing light intensity reaches a predetermined value L a . 
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In L>L^, both of the writing light intensity and the reading 
light intensity increase. In Ls^Lj+L,, it is possible to obtain 
the light output which has almost no dependence on the 
writing light intensity. In the case of (b), in the region where 
the input light intensity is low, the writing light intensity is 
almost in proportion to the reading light intensity. In this 
case, the input image with the original gray-scale is ampli- 
fied and output. In the case of (c), even when the input light 
intensity is 0, the output light intensity has a finite value 
which is not equal to 0, so that the contrast of the output 
image is degraded. In view of the above results, in the case 
of (1), the gray-scale display can be performed without 
degrading the contrast. 

Whereas the analyses in each of the above cases (1) and 
(2) show that can be infinitely small in accordance with 
Equation (23) or (28), these analyses are correct only in the 
range where the photoconductive layer is in the state capable 
of generating photoelectric currents, i.e., in the reverse bias 
state. In the actual operation, once V^V^oVj is reached, the 
photoconductive layer no longer generates a photoelectric 
current, even if the writing light intensity is set as high as 
possible. That is, Q has the lower limit which is expressed 
as follows: 

' Qio-Cfy w -V d )+P„ (in the case of V^-Vj-V*) (104) 
Qto-Cfy„-V£-P„ (in the case of V>l>-K*) 

In order to reach the ON state, the condition of Q /0 ^Q 2 , i.e., 
the following condition should be satisfied. 

K-v^-V* (29) 

As described above, the conditions for the optimal con- 
trast are derived as follows: 

-V^CjV.+C.Vj/iCfCj-V* and 

V„-V d *-V* (105) 

The above-described operation principle can be applied to 
the SLM represented by the circuit of FIG. 9. In other words, 
the operation principle can be applied to the SLM in which 
the photoconductive layer and the FLC layer are in contact 
with each other via the metal reflective film, such as shown 
in FIGS. 6 and 7. However, even in the SLM in which the 
dielectric reflective film (including a light absorbing layer or 
an overcoating layer) is provided as is shown in FIG. 8, if the 
dielectric reflective film and the liquid crystal layer are 
regarded as a single light-modulating layer, and the curve in 
FIG. 12 can be obtained by measuring the relationship 
between the applied voltage Vy and the polarization charge 
P (or the transmittance T), -V^ can be obtained. 

The above discussion holds true in either the uniform state 
or the multi-domain switching state/However, in order to 
obtain both a sufficient resolution and the number of gray 
scales, the former state is desirable. The conditions for 
obtaining the state are mentioned below. FIG. 29(a) shows 
an equivalent circuit of one pixel portion of the FLC 
considering the resistance of the alignment film in the 
thickness direction. In FIG. 29(c), a plurality of series 
connections of the capacitance CF for one domain of FLC 
and the resistance R A of a portion of the alignment film 
which is in contact with the domain in the thickness direc- 
tion are arranged in parallel. 

It is assumed that the initial state is the OFF state, i.e., the 
state where the polarizations of FLC are uniformly oriented 
upwardly (]). Also, it is assumed that the charges sufficient 
for inverting the polarization in one domain are externally 
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injected. The state at this instance may be the multi-domain 
switching state as shown in FIG, 29(b) or the uniform state 
as shown in FIG. 29(c) (specifically referred to herein as a 
"spatially uniform intermediate state"). In the slate of FIG. 
5 29(b), the orientation states between adjacent domains arc 
different from each other. Accordingly, the stress acts 
between the domains, so as to transit to the uniform orien- 
tation state as shown in FIG. 29(c). However, such transition 
is rate-controlled by the mobility of applied charges. There- 
fore; in order to obtain the rapid transition, it is necessary 
that the charges move rapidly (in-plane averaging). For this 
purpose, it is sufficient to set the resistance R A (or the 
resistivity) of the alignment film to be small. 

EXAMPLE 1 

15 First, the intermediate state of liquid crystal was studied. 
Two glass substrates with transparent electrodes on which 
alignment films were formed were attached to each other 
with a gap of 1 fim interposed therebetween. Ferroelectric 
liquid crystals were injected into the gap, so as to form a 

20 liquid crystal panel. The construction of the liquid crystal 
panel is the same as that of an SLM excluding the photo- 
conductive layer 606 and the metal reflective film 607 from 
the SLM shown in FIG. 6. Thus, the liquid crystal panel is 
referred to as a simple panel. Simple panels were produced 

25 by using various types of alignment films. 

A charged capacitor (the capacitance of the capacitor was 
set to be sufficiently smaller than that of the simple panel) 
was connected in parallel to each of the simple panels, so as 
to inject charges into the simple panel. The orientation state 

30 of the FLC molecules at this time was observed with a 
polarization microscope. The amount of injected charges 
was set to be smaller than the amount of charges required for 
completely inverting the polarization of FLC molecules. In 
all the cases, the FLC molecules were in the intermediate 

35 state. However, there were two states as the intermediate 
state, i.e., the multi-domain switching state and the uniform 
orientation state. The latter state was confirmed by observing 
them under the cross Nicol conditions by the polarization 
microscope. When the stage of the polarization microscope 

40 on which the simple panel was located was rotated, the 
entire plane of the panel was observed to be uniformly dark. 
The liquid crystal panels in the uniform orientation state 
were proved to be liquid crystal panels with the alignment 
film of polyimide having a specific resistance of 10 11 Q-cra 

4 5 or less. Accordingly, it is preferable that the specific resis- 
tance of the alignment film in order to achieve the uniform 
orientation state is in the range of 10 8 Qcm to 10 31 Q-cm. 
If the specific resistance of the alignment film is more than 
10 u Q cm, the in-plane moving speed of charges in the 

50 alignment film is slow, so that the uniform orientation cannot 
be attained. On the other hand, if the specific resistance is 
less than 10 s Q cm, the reliability is deteriorated. As the 
material of the alignment film used in this invention, a series 
of conductive polyimide described, for example, in J. Pho- 

55 topolym. Sci. Technol., Vol. 3, No. 1 (1990) pp. 73-81. 
The above uniform orientation state was stably realized 
for about several seconds. The reason why the time is finite 
is that the applied charges decay due to the leak resistance 
of the FLC molecules. In any case, the time is significantly 

60 longer than the switching time (about 100 /isec.) of the FLC 
molecules, so that it can be regarded as the stable state. The 
FLC molecules exhibited various orientation directions 
depending on the amount of injected charges. As a result, it 
was found that the orientation direction, Le., the optical state 

65 could be controlled by the amount of injected charges. 
As the alignment film, instead of the above-mentioned 
one, a higb-resistive alignment film which is mixed with a 
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conductive material, or an alignment film of which the 
resistance is decreased by doping an appropriate material 
can be used. In this example, the alignment film is applied 
on the entire face of the transparent electrode. Alternatively, 
the alignment film may be applied on the transparent elec- 
trode while some portions of the transparent electrode are 
not covered by the alignment film. In the portions, the FLC 
molecules are directly in contact with the transparent 
electrode, so that the resistivity of the alignment film is 
equivalently reduced. As a result, the charges rapidly move 
among domains. The liquid crystal panel is usually used by 
the irradiation of reading light, so that an alignment film may 
have photoconductivity. 

The following examples mainly describe an SLM using 
the above-mentioned conductive polyimide. 

EXAMPLE 2 

The SLM shown in FIG. 7 was actually driven by the 
driving pulse shown in FIG. 3, and the relationship between 
the writing light intensity L and the reading light intensity Y 
was measured. For the measuring, an optical system shown 
in FIG. 16 was used. On the reading side of an SLM 1601, 
a polarizer 1605 and an analyzer 1609 are provided so as to 
be perpendicular to each other. Writing light 1603 from a 
writing light source 1602 is incident on the SLM 1601. 
Reading light 1607 from a reading light source 1604 is 
incident on the SLM 1601 via the polarizer 1605 and abeam 
splitter 1606. In the SLM 1601, the direction of the liquid 
crystal molecules in the OFF state was set parallel to the 
polarizing direction of the polarizer 1605. As the intensity of 
the output light 1608, the time averaged value of light 
intensities measured by the photodetector 1610 was used. In 
order to drive the SLM 1601, the driving pulse shown in 
FIG. 3 was used. For the erasure pulse 301, the voltage 
was fixed to be +15 V, the time T e was fixed to be 100 //sec. 
For the writing pulse 302, the time T„ was fixed to be 1100 
/isec. and the voltage was variously changed. The 
measured values are plotted in FIG. 17. In this figure, six 
cases of the writing voltage V w , (A) -5.40 V, (B) -4.05 V, 
(C) -2.70 V, (D) -1.35 V, (E) -0 V, and (F) 1.35 V are 
shown. As is apparent from FIG. 17, as the voltage 
increases, the whole plots are shifted to the right at substan- 
tially equal intervals. If the value of V w is in the range of 
-5.40 V (A) to 1.35 V (F), the Y-L relationship at any value 
of W w can be analogized by interpolation of the curves. 

Table 1 shows the measured result of and the calcu- 
lated ^-(-V^ for the respective cases. 





V w 


Measured value 


Vn, - (-V*) 




(V) 


ofv m (V) 


(V) 


(A) 


-5.40 


-1.34 


-1.34 


(B) 


-4.05 


-0.31 


-0.31 


(C) 


-Z70 


0.71 


0.71 


(D) 


-1.35 


1.74 


1.74 


(E) 


0 


Z77 


2.77 


(F) 


1.35 


3.80 


3.80 



Here, how Vp is measured is described. Each pixel 60 
portion of the SLM in FIG. 7 has a very small area (400 
^m 2 ), so that the impedance is large. For this reason, it is 
difficult to directly insert a probe for the measurement 
therefore, instead of the SLM shown in FIG. 7, an SLM in 
which an electrode corresponding to the metal reflective film 65 
was formed on the entire face (10 cm 2 ) was used for the 
measurement. In such an SLM, the entire surface of the SLM 



could be regarded as one large pixel. A probe was inserted 
into the electrode, and the potential at the transition from the 
erasure pulse 301 to the writing pulse 302 was observed by 
an oscilloscope. 
s Alternatively, when C a , and \ d are independently 
measured, and is calculated from Equation (15), the 
calculated value of V^, is substantially equal to the value 
shown in Table 1. 

A simple panel (in which liquid crystal is injected 
between two substrates with transparent conductive 
electrodes) was fabricated and the relationship between the 
applied voltage and the transmittance was measure. As a 
result, it was proved that was substantially equal to 0 V. 

If the values of in Table 1 are compared with 

the plots of the measured values in FIG. 17, the relationship 
corresponds to FIG. 15(c) when the value of Vp-(-V fA ) is 
negative (in the cases (A) and (B)), and the relationship 
corresponds to FIG. 15(a) when the value of Vp-(-V^) is 
positive (in the cases (C) to (F)). The compared result 
sufficiently coincides with the above-described analysis. 

A broken line shown in FIG. 17 indicates the character- 
istics corresponding to the equation ^-(-V^-O which is 
analogized by the obtained plots. In the region below the 
broken line, a response with good contrast can be obtained. 
In other words, it is concluded that the condition V^^-V,,, 
is suitable. 

In FIG. 17, in the case (F), if the writing light intensity is 
increased, the output light intensity does not increase. This 
is because the case does not satisfy the condition of Equation 
(29). In fact, if V^O.7 V, and V^=0 V, the condition of 
Equation (29) is V^^O.7 V. Thus it is proved that the cases 
(A) to (E) satisfy this condition, but the case (F) does not 
satisfy the condition. 

In this example, the SLM shown in FIG. 7 is described. 
As to the SLM shown in FIG. 6, the same results were 
obtained. 

In the case of the SLM shown in FIG. 8, the switching 
threshold voltage is not clear due to the dielectric mirror 
804. The liquid crystal layer is actually attached to the 
dielectric mirror and they are regarded as a spurious light- 
modulating layer. A simple panel is constructed by using the 
spurious light-modulating layer, and the voltage- 
transmittance characteristics are measured. The measured 
result is shown in FIG. 18. As is seen from FIG. 18, the 
threshold voltage has a width. This corresponds to the 
polarization inversion characteristics shown in FIG. 12(c). 
However, if the voltage at the position where the transmit- 
tance increases by 10% of the maximum value is defined as 
-V^, a good linearity and a contrast ratio are obtained in the 
range of Equation (105 ). 

As to the experiment in FIG. 17, the value of the erasure 
voltage is V,-15 V. If exceeds 40 V, the FLC molecules 
are decomposed by the electric field, and are likely to 
disadvantageous^ deteriorate as a function of time. If is 
smaller than 1 V, the sufficient reset can not be performed in 
the erasure period, which is not preferred. 

If the writing voltage V„ becomes less than -20 V, it is 
difficult to satisfy the condition of V^S-^ for any value of 
V, in the range of 1 V^V.^40 V. On the other hand, if V„ 
exceeds 4 V, it is difficult to satisfy the condition of Equation 
(29) by any type of FLC. 

If, in the driving pulse waveform, the voltage value is not 
constant in an erasure pulse 2701 and a writing pulse 2702, 
for example, as is shown in FIGS. 27(a) and 27(fc), there is 
no problem. However, in such a case, the condition of 
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Equation (105 ) is preferable by regarding the maximum under the five conditions ((A)-(E)) in Example 2. As a 

value in the erasure voltage of the erasure pulse 2701 as V # result, a vivid 3D image could be obtained on the screen 

and the minimum value in the writing voltage of the writing 2006. When an object 2008 was moved, the output image 

pulse 2702 as V^,. was accordingly moved in real time. Under the conditions 

5 (C), (D), and (E) in Example 2, the fringe pattern informa- 

EXAMPLE 3 ^ was rC p ro duced on the output side with high contrast, so 

A projection-type display system was produced by using ^at the obtained 3D image was most vivid and included 

the SLM shown in FIG. 7. The system is shown in FIG. 19. reduced noises. 

As the writing information of an SLM 1902, an image If the fringe pattern information was captured by a CCD 

presented on a CRT 1901 is used. Writing light 1907 is 10 imaging device, and the information was presented on the 

incident on the SLM 1902. A driving pulse is supplied by a CRT and written into the SLM, the same results were 

driving power source 1903 and applied to the SLM 1902. On obtained, 
the reading side, reading light 1908 from a metal halide lamp 

is directed to the SLM 1902 via a polarizer 1905 and a beam EXAMPLE 5 

splitter 1904 The output light is taken out via an analyzer ^ Iq this example? lhe feedback to the drivmg condilioQS or 

1906 and a lens 1910, so that an miage !s projected on a optical conditions ^ considered. If a filter having a 

screen 1911. The screen of the SUA ^1902 has a square size ^smilVmct x is inserted on the input side of the SLM as 

of 2.5 cmx2.5 cm. On the screen 1911, the projected image a mcans for modulatin ^ micnsiiy of ^ ^ ut light 

is magnified so as to have a square size of 100 cmxlOO cm. (writing lighl)> the re i a tionship between the writing light 

For the erasure pulse, the same as m Example 2, V^15 V, ™ L and ^ QUtput ]ight intensity y b exprcsscd as 

T e -100 /«ec. For the writing period, T.,1100 /«ec. and V„ follows on ^ 5asis of e^ations (30 ) t0 (33): 
was set to be six different values (Table 1). 

In all the cases, image was observed on the screen. In the (i) When Lj>0 (i.e., V /0 >-V ^ 
cases (C), (D), and (E), the gray scales in the input image on 

the CRT 1901 were reproduced with good contrast. This 25 Y=0(l<L0 
coincides with the result in Example 2, and corresponds to 

the most ideal case. In these cases, the gray-scale display *K ~ * )• (Li - i s > 

characteristics of image were asymmetric with respect to the y=i-(2I x +L s yiL, {L^l s <l) (34) 

writing light intensity, but it was possible to perform a 

faithful gray-scale display by appropriately adjusting the 8 3 (2) When L^O (i.e., V^-V,^, 
characteristics of the writing image. The brightness on the 

screen was 1000 lx. The contrast ratio on the screen was Y-1-(L-2L0/2L 5 (LcL.+L^) 

400:1. On the screen, one pixel was magnified to have a Y-l-^+L^flLj, & X +L S *L) (35) 
square size of 1 mmxl mm, but the crosstalk between 
adjacent pixels was not observed. Thus, a fine image could 
be obtained. In the cases (A) and (B), the contrast was poor, 

and the image was entirely whitish. In the case (F), only a ^i-^/n«)(9r^y CV v *V r »'» 

dark image could be obtained, and the brightness on the L^{h>/tr[e){iPjT w \) (36) 

screen was 300 lx. 40 

In an alternative example, a TFT liquid crystal display v#'(C f VsC m V w )l(C / *C m )-v d 

was used instead of the CRT 1901. In this alternative The cliaracterisdcs of Equations (34) to (36) are simplified 

example, the same results were obtained. „ foUows irrespective of ^ case (1) or (2 ) : 

In another alternative example, a system is constructed by 

assembling three sets of a CRT and a SLM. The three sets 45 1VK(£; L\, As) 
correspond to RGB (red, green, and blue), respectively. By 
the system, an image was synthesized an the screen. As a 

result, a vivid color image could be obtained. LfL£P s ; T„> 

EXAMPLE 4 5Q In other words, the input/output light intensity characteris- 

A holography television system was produced by using ar 5 determined by only the two parameters L a and L, 

the SLM shown in FIG. 7. The system includes a He-Ne ^refore, if V ei V w , T and x can be adjusted so that L, and 

laser 2001, a beam expander 2002, a polarizer 2003, a beam ar f A^d even when the parameters relating to the 

splitter 2004, an SLM 2005 and a screen 2006 in a reading ^jroelectric liquid crysta such as C^ V*, and P s are 

side 2014. Hie system also includes a He-Ne laser 2001, 55 chan f d ' ^ "iput/output light intensity characteristics are 

a beam expander 2002, two beam splitters 2004 and two no \ chan S ed (n«d). 

reflective mirrors 2007 in a writing side 2015. A driving " « assumed the parameters C r V ch and P are 

pulse is supphed by a driving power source 2016 to the SLM !^ ncc > and r L ' arc chan S cd k b y dL i and /V> 

2005. The reference numerals 2010 and 2011 indicate read. respectively. The change of the output light intensity L for 

ing light and output light, respectively. The reference 60 the fixed writmg hght m tensity L is given as follows: 

numeral 1009 indicates an observer. Specifically, the SLM dr=(dYidLddL x +{BYidL s )6L s (38) 
had 5,000x5,000 pixels with a pixel pitch of 5 /«n. The 

employed system was shown in FIG. 20. The fringe pattern By using the above equation, the changes dLj and dL 5 of Lj 

formed by reference light 2012 from a He-Ne laser 2001 and and L s are reversely obtained by the following equations, by 

object light 2013 was written into an SLM 2005, then was 65 measuring the changes dY^ and dY^ of the output light 

read out by the He — Ne laser 2001, and the observation was intensity for two different writing light intensities L-L* and 

conducted on a screen 2006. The driving was performed L-L^. 



35 



L^Cp V tk ; V„ V„ r„x) (37) 
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As described above, FIG. 17 shows the plots of actually 
measured values and illustrates the relationship between the 
<!LA(aY/aLJ^dY A -(dYtdLJ^JY g yA mpm Ught intensity and the output light intensity for the 

dLA-idYm^s dy^Y/aLO^ dY^A SLM 717 shown m nG - 7 - ^ t0 ^ c drivin g conditions, the 

^* r * ^ r/aL ^ 5 erasure period of the erasure pulse 301 was T e 0.X msec, the 

A-idYfaLJ^idY/dL^a ^Y/d^^idY/aLX^s (39) voltage value was V tf =15 V, the writing period of the writing 

pulse 302 was T^l.l msec. The obtained input/output light 

In the above equations, for example, (dY/dL^^ denotes intensity characteristics were compared with the theoretical 

the partial differential coefficient at the writing light inten- characteristics given be Equations (31) to (33). When the 

sity of L-L A . Once the values of dl^ and dL s are thus 10 value of L s is fixed to be 290 /AV/cm 2 and the value of L, 

obtained, the driving conditions and the optically writing ^ se t to be 100+30 V w (the units of L a and V„ are /AV/cm 2 

conditions are corrected so as to change Lj and h s by -dL^ an d V respectively), the plots of all the values of V„ coincide 

and -dLy. That is, the conditions (V c , T^ and x) are with the theoretical curves (except for the case (F)). The 

changed by dV e , dV w , dT^ and dx, so as to satisfy the theoretical curves for respective values of V„ are also shown 

following conditions: 15 fa piG. 17. 

dL (dL dV)dv+(aL av)dv +rai ar )<tr +(az, ax)dx ^ n ^ measurement > ^ a ^ ter transmittance t is 

i-t i J «+l i w) **\ i ~) w+\ i ^ inserted on the input side, and the writing period is varied 

-di^dLs/dT^T^idLsidt)^ (40) fr° m 1-1 msec, it is analogized by Equation (36) the values 

should be set as follows: 

As to the changing manner, for example, the feedback can be 20 

performed only for the driving conditions according to the L x =(no +ttvjrr„x (44) 

following equations: L£\9fT t 

m _ 0 The unit of L, and Lis /AV/cm 2 , the unit of V w is V, the unit 

25 of T„ is msec, and x is a dimensionless number. In this 
dv^dLjdTjdLs-idLjaTjdL JtfL J w dT w )) (41) example, the voltage value of erasure pulse is fixed to be 

V =15 V. 

dT„-{dLJBT w y>dL 3 



Alternatively, for example, the feedback can be performed ff®- 2 \ shows an ^emplary construction of a projection- 
for both of the driving conditions and the optically writing ?* play * y ? tem indudm g means for maintaining the 

conditions according to the following equations: mput/output light intensity characteristics of an SLM con- 

stant. An SLM 2103 has a construction shown in FIG. 7 and 
dvji 35 |ncludes 10 6 pixels with a pixel pitch of 25 /an, which was 

produced in the previous example. As an input image 
rfvJ(ai 1 /ar)riL 5 -(aL J /dt)^ 1 M(aL 1 avj(8^) (42) ^ formation source? a CRT 2101 located on the writing side 

o !of the SLM 2103 was used. The period of image presentation 

i of the CRT 2101 was 16.7 msec. A SELFOC lens array 2102 

dxm^dLsidiy^dLs '' was usec j f or forming an image of writing light 2115 from 

_ L f , . ; the CRT 2101 on an input face of the SLM 2103. The 

There may be still another changing way, for example, m < reading ^ of ^ gLM 2m ^ in ^ d ^ ^ of 

wnicrad v e is not U 250 w from a meUl haUde { 21Q5 Tfae m ^ ^ 

In this example, the two values of L* and L w are set as the A A <\im • i • „■ if f** 

u vaoui^i , A y projected onto a screen 2107 via a polarization beam splitter 

writing light intensity and then the values of dL, and dL ? are 5-,^ a i a r v t.. ^I*^ • 

. . j A1 , 4 . i , . . 45 2104 and a lens 2106. A reference light generator 2114 is 

obtained. Alternatively, three or more values can be used. -j j ■ c 7 *■ r r <i_ 

c i * ii * »u • . | . « provided m a portion of an image presentation face of the 

For example, specifically, for three or more writing light p nT , 1A1 f . . t ~+ + A 

. 4 \ f f)/. * ~ 7 v 4| _ «. . a . Li ; CRT 2101. The reference light generator 2114 can generate 

intensities L w (i*l, 2,3, ...), the corresponding output Ught ,. , ■ j-cr . ■ » t-u 

(ii /• / j . i « ! continuous light having various different intensities. The 

intensi ties y (,) 2, 3, ...) are measured, respectively, and : . . e j u . f .. u t 

■; v r , T , JT / ,. 1 . • • I intensity of the output light 2116 corresponding to the 

then the values of L, and Lc which make D to be minimum ( f L y u* - m * J?u u . a * * nfo *u 

. . . a . - « . v • so reference light is momtored by a photodetector 2109 on the 

are calculated by using the followmg equahon w.th Y in 5 °, ^ ^ [n accordance ^ ^ motlitOK d value, a 

qua ion ^ control signal is generated by a signal processing system 

*f constituted of an A/D converter 2110, an operation unit 

Z) = 2^''-nt <;) ; t,, 4)} 2 ( 43 ) ,j 2U1, and a D/A converter 2112. The generated control 

' 55. signal is fed to a driving pulse generator 2108 or a trans- 

■■; mittance variable filter 2113. The driving pulse waveform 

Then, the changes of the values of L 2 and L^ can be / generated by the driving pulse generator 2108 and the 

obtained. f iransmittance of the transmittance variable filter 2113 are 

If there is only one value L* which is used as the writing \ varicd m accordance with the control signal, 

light intensity, only one relationship can be obtained in 60 In FIG. 21, instead of the SELFOC lens array 2102, an 

accordance with Equation (38). Therefore, it is impossible to \ imaging optical system with usual lenses can be used, 

determine a unique set of dLj and dLy. That is, it is , Instead of the polarization beam splitter 2104, a combination ^ 

impossible to find the feedback way so as to keep the of a usual beam splitter, a polarizer, and an analyzer can be V 

input/output light intensity characteristics constant. used In FIG. 21, for the convenience, the A/D converter j 

However, it is possible to approximately stabilize the input/ 65 2110, the operation unit 2111, the D/A converter 2112, and A 

output light intensity characteristics by using the writing ^ the driving pulse generator 2108 are separately shown in n 

light intensity in the vicinity of L A . I terms of their functions. They can be constructed as a ? 
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combined single electric circuit having the same functions. 
In the case where the photodetector 2109 is located on the 
screen 2107, the signal can be fed to the A/D converter 2110 
by various methods. In this example, the signal is fed to the 
A/D converter 2110 via electric wiring. Alternatively, the s 
signal can be fed by a radio system using radio waves, 
infrared rays, or the like. In another construction, the A/D 
converter 2110 is provided near the photodetector 2109, and 
a digitized signal is fed by such a radio system. The 
reference light generator 2114 may alternatively be imple- 10 
mented by a portion of the image presentation portion of the 
CRT 2101. 

In this example, the photodetector 2109 is provided on the 
screen. Alternatively, the photodetector 2109 may be 
provided, for example, directly in front of the lens 2106 or 15 
directly in the rear of the lens 2106. The number of lenses 
may be increased. If plural lenses are used, the photodetector 
may be provided in the lens system. Such a construction in 
which the photodetector is located in the vicinity of the lens 
system has an advantage in that the positional alignment of 20 
the projection system and the screen is not required. 

The transmit tance variable filter is constructed in various 
styles, and the transmittance thereof is controlled in accor- 
dance with the construction. For example, in the transmit- 
tance variable filter, a liquid crystal panel is sandwiched 25 
between a polarizer and an analyzer, and the transmittance 
is controlled by changing the voltage applied to the liquid 
crystal panel. Alternatively, in the transmittance variable 
filter, two polarizing plates are faced each other and the 
transmittance is controlled by rotating one of the polarizing 30 
plates. In this example, the former construction and trans- 
mittance control means are used. 

In order to actually operate the system, the reference 
operating conditions are obtained in the following manner. 35 
First, as the optically writing conditions and the driving 
conditions, was set to be -2.7 V, be 1.1 msec, and x 
be 0.8. In accordance with Equation (44), L 2 was obtained 
as 23.8 /AV/cm 2 , and L s as 363 /*W/cm 2 . As the intensity of 
the light from the reference light generator 2114, two values 4Q 
were set, e.g., L A 100 ^W/cm 2 and L fl -400 ^W/cm 2 . The 
output light intensities corresponding to these values were 
obtained as Y A -0.08, and Y^-0.49, respectively, on the basis 
of Equations (34) to (36). 

Next, the operation of the operation unit 2111 when the 45 
system is actually operated in the above conditions is 
specifically described. The output light intensities corre- 
sponding to the two values of writing light intensities L A and 
L B are measured (the measured values are represented by 
Y A and Y B , respectively), and the deviation from the 50 
reference conditions, i.e., dY A -Y A '-Y A and dY^=Y 5 ' are 
calculated. By applying the calculated values into Equation 
(39), the changed amount of Lj and L s > i.e., dL 2 and dh s are 
obtained. In Equation (39), the partial differential coeffi- 
cients such as (dY/dL s ) LmLA are obtained by applying 55 
L 1 o23.8 /zW/cm 2 and L 5 =363 ^W/cm 2 , and L A 100 /iW/cm 2 
and L^=400 ^W/cm 2 , etc. into partial differential equations 
of Equation (34) or (35). If dL J and dLy are actually 
calculated by Equation (39), the result is given as follows: 

60 

dL l —S96dY A +97.9dY B (45) 
dL^UA9dY A -93idY g 

Here, the unit of L a and L s is ^W/cm 2 , and dY A and dY^ are 
dimensionless numbers. If the values of dL 2 and dLy are 65 
applied into Equation (42), it is determined how much V„ 
and x should be varied. Tne partial differential coefficients 
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such as dLj/dx in Equation (42) are obtained by applying 
V^-2.7 V, T w -l.l msec, and x-0.8 into partial differential 
equations of Equation (44). The equations for actually 
obtaining dV^ and dT are given as follows: 

<flX-26.7t£L l+ l .747dL>10- 3 (46) 

When V w and x are actually varied by dV w and dr obtained 
above, the standard input/output light intensity characteris- 
tics (L a =23.8 jaW/cm 2 , L^=363 //W/cm 2 ) are maintained. 
The above series of processes are repeated at a predeter- 
mined cycle (e.g., 10 sec. ), the input/output light intensity 
characteristics are always kept constant. 

As to the measurement timing, for example, Y A is mea- 
sured in the first 1 sec. of 10 sec. cycle, and Y B is measured 
in the second 1 sec. In the remaining 8 sec, dV^, and dx are 
calculated and the driving conditions and the optically 
writing conditions are corrected. Alternatively, two refer- 
ence light generators 2114 which emit two types of light 
having fixed intensities L A and L B may be adjacently pro- 
vided. In such a case, the output Y A and Y^ corresponding 
thereto are simultaneously monitored. 

The system was actually operated in the above manner. 
The gray-scale display characteristics of the output image on 
the screen were not changed from the initial conditions even 
after 500 hours. This means that the input/output light 
intensity characteristics of the SLM 2103 are kept constant. 
Next, as an comparative example, the system was operated 
in the constant driving and optically writing conditions 
without feedback. The gray-scale display characteristics 
were changed only after few minutes, and the entire screen 
was observed as becoming whitish. As a result, it is proved 
that the feedback stabilizes the gray-scale display charac- 
teristics. 

In this example, the measurement of Y A and Y B is 
performed at one point. Alternatively, in order to increase the 
accuracy, a plurality of reference light 25 generators 2114 
are provided and a plurality of sets (Y A , Y^) are measured 
correspondingly. Then, the averaged value is calculated, and 
used for the process. If the temperature distribution in the 
effective area of the SLM 2103 is not uniform, for example, 
the characteristic quantities of the FLC such as P$ are also 
varied in an in-plane distribution manner. Therefore, if the 
transmittance variable filter 2113 has the inplane distribution 
of the transmittance variation for compensating such tem- 
perature distribution in the SLM 2103, the gray-scale dis- 
play can be more stably performed 

In this example, a monochrome display is performed on 
the screen. It is appreciated that the display can be expanded 
into a three-color display. Specifically, for example, when 
three sets of a CRT and an SLM are used as the optically 
writing means so as to perform the writing of RGB image 
signals, respectively, there should be provided three sets of 
the reference light generators 2114 and the photodetectors 
2109. In each of the sets, prior to the photodetector 2109, a 
corresponding set of monochrome filters of red, blue and 
green is located, so as to detect the light intensity of each 
color component. Thus, the feedback can separately per- 
formed for each of the three sets of driving systems and 
optically writing systems. 

In this example, the SLM having a construction shown in 
FIG. 7 is used. Alternatively, for example, even in the cases 
where SLMs shown in FIGS. 6 and 8 are used, a stable 
gray-scale display can be obtained by performing the feed- 
back in the same way. 

It is understood that the way of feedback can be applied 
to, in addition to the projection-type display, a holography 
television, an optical computer, and the like. 
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EXAMPLE 7 

Next, the system was operated by performing the feed- 
back only to and T w in the driving conditions on the basis 
of Equation (41) instead of Equation (42). The operation was 
performed in the same way as in Example 6, except that the 
feedback was performed for the length of the writing period 
T^, instead of the transmittance of the transmittance variable 
filter 2113. As the result of the operation, the same effects 
could be attained as in Example 6. In the operation method 
of Example 7, it is possible to eliminate the transmittance 
variable filter 2113 itself. Thus, the system can have a more 
simplified construction. 

EXAMPLE 8 

Next, the system was operated by changing the electron 
beam current value in the CRT 2101, instead of changing the 
transmittance of the transmittance variable filter 2113 in 
Example 6. Specifically, in an electron gun of the CRT 2101, 
a direct current bias voltage is superimposed on a control 
grid to which a video signal is applied, and the feedback is 
performed for the direct current bias voltage value, so as to 
perform the operation. The construction of the system is the 
same as that shown in FIG. 21 except that the transmittance 
variable filter 2113 is not provided and that the feedback is 
performed for the direct current bias voltage value of the 
control grid of the CRT 2101. According to the method of 
Example 8, the same effects can be attained as in the case 
where the transmittance variable filter 2113 is provided in 
front of the CRT 2101, and the obtained image is as stable 
as in Example 6. 

EXAMPLE 9 

Next, the system shown in FIG. 21 was operated by using 
a liquid crystal panel with backlight instead of the CRT 
2101. The obtained image was as stable as in the case where 
the CRT 2101 was used. 

It is possible to vary the transmittance by performing the 
feedback for the driving system of the liquid crystal panel, 
or to perform the feedback to the brightness of the backlight, 
instead of the use of the transmittance variable filter 2113. 

In Examples 2 to 9 described above, the CRT is often used 
as the optical writing means. If the lifetime of the fluores- 
cence is sufficiently longer than the driving pulse period of 
the SLM (e.g., the lifetime of the fluorescence is 3 msec, 
while the driving pulse period is 1.2 msec.), the fluorescence 
from the phosphor on the CRT can be regarded as the 
continuous light 

EXAMPLE 10 

Next, the principle for realizing a uniform image display 
by the method of the invention is described. The timing chart 
(a) of FIG. 22 indicates the intensity of an electron beam 
2203 in the CRT. The timing chart (b) indicates the emitted 
light intensity from a phosphor on the CRT screen. The 
timing charts (c) and (e) indicate the waveforms of driving 
signals 2208 and 2215, respectively. The timing charts (d) 
and (i) indicate the intensities of output light 2209 and 
output light 2216 from the SLM, respectively. The electron 
beam scans the CRT screen. In terms of a certain pixel on the 
CRT, the pixel is reached by the electron beam every one 
frame (one display period) 2202 of the image. At this time, 
the intensity of the electron beam 2203 is approximately in 
proportion to the brightness of the pixel in the image to be 
displayed on the CRT in the frame. Therefore, the electron 
beams 2203 having different intensities 2201a, 2201fc, and 
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2201c continuously reach each pixel at a predetermined 
interval. The phosphor on the CRT emits light having an 
intensity which is approximately in proportion to the inten- 
sity of the reached electron beam 2203. The emitted light 

5 from the phosphor decays with its characteristic time con- 
stant. Accordingly, the characteristic curve of the intensity 
2204 of the light emitted from the phosphor shown in the 
timing chart (b) of FIG. 22 is obtained. 
In one frame 2202 of the CRT, when an SLM is driven by 

10 a plurality of unit driving signals (driving pulses) 2207, the 
intensity 2209 of the output light for each unit driving signal 
(driving pulse) 2207 is in proportion to the intensity 2204 of 
the emitted light from the phosphor at that time. As a result, 
the brightness of the pixel sensed by the eyes of a person, 

35 i.e., the time averaged value of the output light intensity 
2209 in the frame 2202 is substantially in proportion to the 
fluorescence intensity 2204 from the phosphor. Accordingly, 
a faithful image is reproduced on the SLM. As the number 
of unit driving signals (driving pulses) 2207 in one frame 

2Q 2202 is increased, the envelope linking the peaks of output 
light intensity 2209 in each unit driving signal 2207 
becomes closer to the curve of fluorescence intensity 2204 
shown in the timing chart (b) in FIG. 22. As a result, the 
output light intensity 2209 does not depend on the time 

25 difference between the driving signal (driving pulse voltage) 
2208 and the electron beam intensity 2203. In other words, 
in whichever portion of the driving signal 2208 the electron 
beam pulses 2201 having different intensities 2201a, 2201b, 
and 2201c enter, the time averaged value of the output light 

30 intensity 2209 in one frame 2202 is not so changed. This 
means that the output light intensity 2209 can be obtained at 
the same sensitivity with respect to the intensity of the 
electron beam 2263 in any portion on the screen of the SLM, 
so that the brightness of the output image of the SLM is 

35 uniform. 

The image was displayed by using the SLM shown in 
FIG. 7 and the optical system shown in FIG. 19 in which the 
CRT was used as the optical writing means. The pixel pitch 
of the CRT 1901 may coincide with the pixel pitch of the 

4 0 SLM 1902, but alternatively may not coincide therewith. In 
this example, in the employed CRT 1901, the pixel pitch was 
50 /mi, and the number of scanning lines was 525. The decay 
time constant x of the fluorescence from the phosphor on the 
CRT expressed by Equation (9) was 7 msec. In order to form 

45 the image of the CRT 1901 on the photoconductive layer of 
the SLM 1902, an imaging optical system such as a lens 
system or a SELFOC lens array (the trade mark of N1HON 
ITA GLASS K.K.) may be inserted. 
One frame of the CRT 1901 was 16.7 msec, and the 

50 driving period of the SLM 1902 was set to be shorter than 
this (e.g., about 1 msec). As to the mutual driving method, 
they may be driven independently without synchronaation, 
or they may be driven with synchronization by generating a 
trigger pulse every several times driving periods of the SLM 

55 (e.g., every sixteenth period) and sending the trigger pulse to 
the CRT 1901. In this optical system, the former method was 
adopted. 

As is shown in the timing chart (c) of FIG. 22, the SLM 
1902 was actually driven by using a driving signal 2208 

60 including a number of unit driving signals (driving pulses) 
2207, and a moving image was reproduced on the CRT 
1901. Then, the output light from the SLM 1902 was 
monitored. In the unit driving signal (driving pulse) 2207, 
the width of the erasure pulse 2205 was 0.1 msec, and the 

65 voltage (height) was +10 V. The width of the reading pulse 
2206 was 1.1 msec, and the voltage (height) was -0.91 V. 
In this case, one period of the CRT was 1 .2 msec The output 
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light from the SLM 1902 was directly monitored by an change as a function of time was observed by the oscillo- 

observer at the position of the lens 1910 via the beam splitter scope. As a result, the wave-form of the output light intensity 

1904. As the result of the observation, it was proved that the 2216 shown in the timing chart (f) in FIG. 22 was obtained 

image -displayed on the CRT 1901 was faithfully reproduced for the driving signal 2215 shown in the timing chart (e). 

on the output face of the SLM 1902. The brightness of the 5 FXAMPT F 
reproduced image was uniform over the entire screen of the 

SLM. In addition, the gray-scale representation was faith- Ncxt » m orQ, er to study the response characteristics of an 

fully reproduced. Moreover, for the brightness of the reading SLM, the following experiments were conducted. A halogen 

light 1908 as much as 10 6 be, an image with good contrast l am P was used as the writing light source, instead of the 

was obtained. The contrast ratio in this condition was 200:1. 10 CRT > how the brightness of the reading light was 

On the output face of the SLM, the residual image phenom- changed for the intensity of the writing light was observed, 

enon was not observed with respect to the moving image of In me experiment, in order to examine how liquid crystal 

the CRT. Since conductive polyimide with high stability was molecules are switched for the driving signal (driving 

used for the alignment film for the liquid crystal molecules pulse), the waveform of the driving signal and the change of 

of the SLM 1902, the temporal change did not occur but was 15 mc reading light as a function of time were observed by the 

stable even after the continuous driving over several hun- oscilloscope. The results were shown in FIG. 23. In FIG. 23, 

dreds of hours. Therefore, the quality and the brightness of the timing chart (a) shows the variation of intensity of the 

the output image from the SLM would not be changed. output light from the SLM 717 when the SLM 717 shown in 

Moreover, the intensity of the reading output light 1909 FIG - 7 b driven bv * e driving signal 2208 for writing light 
was detected by the photode lector, and the temporal change 20 having various intensities. The driving signal 2208 is sub- 
was observed with an oscilloscope. As the result of the stantially the same as the driving signal in Example 10. In 
observation, the waveform of the output light intensity 2209 ^ timin S chart ( a ) m HG ' 23 > tnc characteristic curve 
shown in the timing chart (d) of FIG. 22 was obtained for the 2304a mdlcates the caj * where the writing light having an 
driving signal 2208 shown in the timing chart (c). The intensity of 3000 ^W/cm is used, the characteristic curve 
envelope smoothly Unking the peaks of the output light 25 2304 *> indicates the case where the writing light having an 
intensity 2209 in each unit driving signal (driving pulse) intensity of 500 /Wcm is used, and the characteristic curve 
2207 substantially coincided with the waveform of the 2304c indicates the case where the writing light is not used, 
fluorescence intensity 2204 from the phosphor shown in the 11 15 a PP arent fron » we timing chart (a) of FIG. 23 that as the 
timing chart (b). The response of the output light intensity ^tensity of the writing light is increased, the output light 
2209 was not saturated even for the fluorescence intensity 30 intensity 2304 in the reading period of the reading pulse 
2204 from the phosphor in the case where the intensity pulse 2302 mcs more steeply (i.e., more rapidly), and the time 
of the electron beam 2203 was maximum. average of the reading light intensity becomes larger. In the 

timing chart (b) of FIG. 23, the driving signal (driving pulse 

EXAMPLE 11 voltage) 2303 includes an erasure pulse 2301 and a reading 

Next, a driving signal (driving pulse) 2215 including a 35 pnkc 2302. It is apparent from the timing chart (b) that a 

unit driving signal (driving pulse) 2214 shown in the timing photoelectric current which is in proportion to the writing 

chart (e) of FIG. 22 was used for driving the optical system light intensity is generated in the photoconductive layer in 

shown in FIG. 19. The unit driving signal 2214 includes an the reading period of the reading pulse 2302, and charges are 

erasure pulse 2210, a first low voltage pulse 2211, a writing accumulated at the interface between the photoconductive 

pulse 2212, and a second low voltage pulse 2213. In the unit 40 layer and the FLC layer. Then, the polarization of the liquid 

driving signal (driving pulse) 2214, the width of the erasure crystals is gradually inverted so as to meet the charge 

pulse 2210 was 0.1 msec, and the voltage (height) was +10 amount. As a result, the gray -scale display of SLM can be 

V. The width of the first low voltage pulse 2211 was 0.1 obtained. 

msec, and the voltage (height) was 0 V. The width of the In the same way, the measurement was performed by 

writing pulse 2212 was 0.1 msec, and the voltage (height) 45 using the driving pulse voltage 2215. The obtained results 

was -10 V. The width of the second low voltage pulse 2213 are shown in FIG. 24. In the timing chart (a) of FIG. 24, the 

was 0.9 msec, and the voltage was 0 V. In this example, the characteristic curve 2406a indicates the case where writing 

SLM having the construction shown in FIG. 7 was light having an intensity of 3000 /iW/cm 2 is used, the 

employed. In this case, the image on the CRT 1901 was characteristic curve 2406b indicates the case where writing 

faithfully reproduced on the output face of the SLM 1902 50 light having an intensity of 500 ^uW/cm 2 is used, and the 

with uniform brightness. In addition, on the output face of characteristic curve 2406c indicates the case where writing 

the SLM, the gray-scale representation was performed, and light is not used. In the timing chart (b) of FIG. 24, the 

the residual image phenomenon was not observed. The driving signal (driving pulse voltage) 2405 includes an 

brightness of the reading light from the SLM 1902 could be erasure pulse 2401, a first low voltage pulse 2402, a writing 

increased as high as 10 6 lx. However, the switching phe- 55 pulse 2403, and a second low voltage pulse 2404. FIG. 24 

nomenon of FLC occurred due to the electric field caused by shows that the gray-scale display is obtained by changing 

the writing pulse 2212 included in the driving signal 2215. the writing light intensity. When the writing pulse 2403 is 

Accordingly, the image contrast on the output face of the applied to the SLM, the electric field switching occurs in the 

SLM was somewhat inferior to that in Example 10, and the FLC of the SLM. In addition, it is seen that even in the case 

contrast was 80:1. The reproduced image was observed 60 where the intensity of the writing light is 0, there occurs a 

sufficiently. The positive and negative portions of the driving slight peak of the output light intensity in the characteristic 

signal 2215 were symmetric with respect to the voltage, so curve 2406c. 

that the driving stability of SLM was further enhanced. The The time averages of output light intensities for the 

SLM was stable after continuous driving for several thou- respective writing light intensities are calculated with 

sands of hours. 65 respect to the above-described two driving methods. FIG. 25 

In the same way as in Example 10, the intensity of the shows the calculated results. In FIG. 25, the characteristic 

output light 1909 was detected by the photode lector, and the curve 2501 indicates the case where a driving signal without 
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including a writing pulse in the unit driving signal, e.g., a of the period of the reading pulse 2206 was fixed to be 1.1 

driving signal 2207 shown in the timing chart (c) of FIG. 22 msec. The voltages (heights) of these pulses were varied, so 

is used for driving the SLM. The other characteristic curve as to drive the SLM 717 having the construction shown in 

2502 indicates the case where a driving signal with a writing FIG. 7. In one specific example, the voltage of the erasure 

pulse 2212 in the unit driving signal, e.g., a driving signal S pulse 2205 was fixed to be 10 V, and the voltage of the 

2214 shown in the timing chart (e) of FIG. 22 is used for reading period 2206 was varied in the range of -30 V to +2 

driving the SLM. In both of the driving methods, it is found V. There occurred no change in the quality of the image read 

that the gray-scale control can be performed in the writing out from the SLM. When the voltage of the reading pulse 

light intensity range of 100 to 1000 /AV/cm 2 . In addition, it 2206 exceeds +2 V, the photoconductive layer did not 

is found that below 100 /iW/cm 2 , the output light intensity 10 generate photoelectric current in the reading period, so that 

is substantially 0, and over 1000 /AV/cm 2 the output light the brightness of the output light was reduced. In another 

intensity is saturated. specific example, the voltage of the reading pulse 2206 was 

The contrast ratio of time averaged reading output light is fixed to be -0.91 V, and the voltage of the erasure pulse 2205 

calculated to be 530:1 for the driving pulse voltage 2208, was varied m toe range of +2 V to +30 V. The quality of the 

and 320:1 for the driving pulse voltage 2215. Thus, the 15 image read out from the SLM did not vary so much. When 

obtained contrast ratios are relatively good. me voltage of the erasure pulse 2205 was lowered to less 

than +2 V, the photoconductive layer of the SLM did not 

EXAMPLE 13 come into the forward condition, so that the contents 

With regard to two types of driving signals (driving ^ S ^ ^ ^ ^f' * **, 

pulses), the reading was performed by the optical system 20 of s m T P * ^ * ' 

shown in FIG. 19 without changing the pulse waveform and contrast of ,hc ma & was °"™orated. 
voltage value while changing the period for one cycle. In EXAMPLE 15 

this way, the uniformity of the brightness of the output light ^ " A 

from SLM was measured. An image with uniform brightness In the driving signal (driving pulse voltage) shown in the 
which was displayed on the CRT 1901 was written into the 25 timing chart (e) of FIG. 22, those used in Example 11 were 
SLM 1902 having the construction shown in FIG. 7. For the used as the basic signal, and one of the voltage (heights) of 
output light 1909 from the SLM 1902, a ratio R of the the erasure pulse 2210, the writing pulse 2212 and the 
brightness in the brightest portion to the brightness in the second low voltage pulse 2213 was varied, so as to drive the 
darkest portion was calculated. The ratio R was used as a SLM 717 shown in FIG. 7. If the voltage of the erasure pulse 
criteria for judging the nonuniformity of the image bright- 2210 was varied, for the same reasons described for the case 
ness. The calculated results are shown in Table 2 below. In of the driving signal (driving pulse voltage) in Example 14, 
Table 2. 

^slm denotes a period of a driving signal (driving an image with good quality was obtained on the output face 
pulse) for the SLM, and T^j- denotes one display period of of the SLM when the voltage of the erasure pulse 2210 was 
the CRT. Also, R 1 and R 2 denote the ratios R in the cases in the range of +2 V to +30 V. If the voltage of the writing 
where the driving signal (driving pulse) 2208 shown in the pulse 2212 was varied, an image with good quality was 
timing chart (c) in FIG. 22 and the driving signal (driving obtained on the output face of the SLM when the voltage of 
pulse) 2215 shown in the timing chart (e) are used for the the writing pulse 2212 was in the range of -30 V to -2 V. 
driving, respectively. The period T CRT is fixed to be 16.7 Even when the voltage exceeds -2 V, the image quality is 
msec. good, but such a range is equivalent to that of the driving 

40 signal (driving pulse voltage) 2208 shown in the timing 
TABLE 2 chart (c) of FIG. 22. Next, the voltage of the second low 

voltage pulse 2213 was changed. In this case, an image with 
good quality was obtained on the output face of the SLM in 
the range of -30 V to -2 V. This period corresponds to the 
reading period of the reading pulse 2206 in the driving signal 
2208, so that it is thought that the proper operation can be 
attained only in the voltage range in which the photocon- 
ductive layer of the SLM generate a photoelectric current. 

50 EXAMPLE 16 



T S lm (msec.) 


TcHT^SLM 




R 2 


0.00835 


2000 






0.0167 


1000 


1.0 


1.0 


0.167 


100 


1.0 


1.0 


1.67 


10 


1.1 


1.1 


8.35 


2 


1.2 


1.3 


11.1 


1.5 


2.1 


2.0 


16.7 


1 


11.3 


12.7 


33.4 


0.5 







45 



In each of Examples 10 to 15, in one frame 2202 of the 

From Table 2, it is found that the output light has timing chart (a) of FTG. 22, the waveform of the output light 

substantially uniform intensity when the value of ^crt^slm intensity 2209 or 2216 of the SLM shown in the timing chart 

is in the range of 1.5 to 1000. If the value of T^j/T^ 55 (d) or (f) reproduces the fluorescence intensity 2204 from a 

exceeds 1000, the switching speed of the FLC in the SLM phosphor on the CRT screen shown in the timing chart (b). 

cannot follow the change of the driving pulse. As a result, Accordingly, even if the fluorescence intensity from a phos- 

the contrast of the reproduced image on the output face of phor is the maximum, the response of the output light 

the SLM is deteriorated. If the value of T ckj /Tslm becomes intensity 2209 or 2216 is decreased in the latter half of the 

smaller than 1, the flicker of the output light becomes 6 q frame 2202. This means that there arises a loss in brightness 

noticeable. As a result, the quality of the image is deterio- if the brightness is considered as the integration with respect 

rated. to time. This example describes a driving method for solving 

such a problem and for enabling a gray-scale display, in 

EXAMPLE 14 detail 

In the driving signal (driving pulse) 2208 shown in the 65 Herein, it is assumed that the CRT rewrites the images at 

timing chart (c) of FIG. 22, the length of the period of the a frequency f (a period Tc^l/i). The ratio of the driving 

erasure pulse 2205 was fixed to be 0.1 msec, and the length period T CRr of the CRT to the driving period T^j^ of the 
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SLM is represented by n. In other words, they have the Accordingly, if black is to be displayed in the next period 

following relationship: (Jcrt— t — ^crt)i Y>0 since L>L,.TTiat is, if the first image 

display means (e.g., CRT) rewrites the image at 60 Hz, the 

TcRi-nxTsLM (47) actually observed image is not rewritten at 60 Hz, so that 

_ . , , _ _ „ s there occurs the residual image phenomenon. In order that 

For simplicity, n is assumed to be an integer. The following fo t residual image cannot be observed by the eyes of a 

time-averaged value of the output light intensity 2209 shown person> it ^ necessary to attenuate the light output L to be 

in the timing chart (d) of FIG. 22 is actually observed by the lower than L, after at least the time t^T^ In other words, 

eyes of a person, as the output light intensity of the SLM. it is necessary to use a phosphor with residual light charac- 

_ teristics by which the light amount of L, decays below L, 

HTO» m 10 within TcLr 

t c »• / i q\ -wt j 4 . 4 ... , t . , ... , The phosphor on the CRT used as the first image display 

In^at l on(48),Y 1 .denot e slh e ou^uili^tmten S1 tym e acb ^ , e has ^ characteristic |, 0Wn P b J 

writing period, and Y, is given by the relationship shown id Equation (49)- 

FIG. 25 by using the output light L of the CRT in the unit ^ V 

driving signal (driving pulse) 2207 or 2214 as the writing is W^/rp^r^) (49) 

light intensity. In Equation (49), L, denotes the initial value of the fluores- 

Tbe output light L of the CRT monotonously decreased as cence intensity of the CRT, and x denotes the decay time 

a function of time in one period. Accordingly, the output Y constant. In the phosphor used in this example, x=8 msec, 

of the SLM in the period T^j- is changed in accordance with Accordingly, at time t-Tc^ L is 0.124 L„ and at time t- 2 

the relationship between the light output L(t) at the time t 20 T^^, L is 0.015 L £ . In the case where the brightest output 

and the threshold values L x and (e.g., in the case where Y is to be obtained, L 4 was set so as to satisfy the condition 

the driving is performed by the driving signal 2208, L^lOO of 0.124 ^=1^=800 ^W/cm 2 . Thus, L, was set to be 6450 

/iW/cm 2 and £,=1000 ^W/cm 2 in FIG. 25). The variation of ^W/cm 2 . At this time, 0.015 L-97 /iW/cm 2 <L,., so that the 

the output Y, when n«16 in Equation (47) is shown in FIG. residual image could be suppressed to be minimum. 

26. In FIG. 26, the timing chart (a) indicates the light output 25 In order to reduce the initial light amount L f , it is sufficient 

from the CRT when the light output L at the time t-T^yis to increase x and Lj/Lj. For example, it is assumed that 

larger than the threshold value L^, and the timing chart (b) x«440 msec, (i.e., it is assumed that L=0.103 L, at time t=l 

indicates the intensity of the output light from the SLM in s), the residual light at time t-T^^ was 0.963 L t - and the 

such a case. The timing chart (c) indicates the light output residual light at time t=2 T^j- was 0.927 L r Accordingly, 

from the CRT in the case where L-L, at time t=T a , and the 30 the initial light amount for obtaining the brightest output Y 

light output L at time l=T CRT is larger than L x . The timing could be reduced to be L^ll.4 juW/cm 2 . In addition, by 

chart (d) indicates the intensity of the output light from the increasing the ratio of L 2 to 1^ of the SLM (in this case, 

SLM in such a case. The timing chart (e) indicates the light L 1 /L 2 =0.963), the residual light can be suppressed to a 

output from the CRT when L<L a at t=T 2 , and the timing minimum. 

chart (f) indicates the intensity of the output light from the 35 In this example, the case where the driving signal (driving 

SLM in such a case. The change of L in each unit driving pulse voltage) 2208 is used is mainly described, 

signal (driving pulse) 2207 is negligible. Alternatively, in the case of the driving signal (driving pulse 

As is expressed by Equation (48), the light output of the voltage) 2215, the signal includes two threshold values as is 

SLM is represented as the linear sum of the light pulse shown in FIG. 25, so that the operation can be performed by 

intensities Y, output for each driving period of the SLM. In 40 the same method. 

this case, each pulse intensity Y f when L^Lj can be The invention provides a driving method for an SLM 

approximated as being substantially constant. If each pulse which can perform a gray-scale display with high contrast, 

intensity Y, when Lj iL<L2 can be divided into at least m uniformity and controllability, and which is stable for a long 

scales in accordance with L, it is possible to easily realize at lime use. A projection-type display adopting the driving 

least nxm gray-scales by the above-described driving 45 method can obtain a faithful gray -scale display with good 

method of the invention. In the SLM having the construction contrast. A holography television apparatus adopting the 

shown in FIG. 6 or 7 which is actually produced in the driving method can obtain a vivid three-dimensional image 

experiment, the number of levels m into which Y, can be with reduced noise. 

divided in accordance with L is as much as 90. Therefore, in Various other modifications will be apparent to and can be 

order to realize 256 gray-scales, it is preferred to be at least 50 readily made by those skilled in the art without departing 

n^3. from the scope and spirit of mis invention. Accordingly, it is 

By using the driving pulse 2208, T CRT was set to be 16.7 not intended that the scope of the claims appended hereto be 

msec, and Ts^ was equal to T c/ j 7 716, i.e., 1.04 msec, so limited to the description as set forth herein, but rather that 

as to actually display an image. In the driving signal (driving the claims be broadly construed, 

pulse) 2208, the width of the erasure pulse was set to be 55 What is claimed is: 

0.104 msec, and the voltage to be 15 V. The width of the 1. A spatial light modulator according to claim 1, wherein 

writing pulse was set to be 0.936 msec, and the voltage to be said photoconductive layer has rectification, and generates, 

-3.63 V. In these driving conditions, the response was the when said photoconductive layer is in a reversed bias 

same as that shown in FIG. 25. Two threshold values L a and condition, a photoelectric current having a magnitude 

Lj were actually calculated to be L,=100 //W/cm 2 , and 60 depending on an intensity of writing light incident on said 

L^OO /iW/cm 2 . photoconductive layer. 

According to the driving method of the invention, it is 2. A spatial light modulator according to claim 1, wherein 

necessary to carefully treat the residual image phenomenon said light-modulating layer includes a ferroelectric liquid 

which depends on the decay characteristics of the fluores- crystal layer which is sandwiched by two alignment films, 

cence (output L) of the CRT. For example, as is shown in the 65 3. A spatial light modulator according to claim 2, wherein 

timing charts (a) and (b) in FIG. 26, when the brightest light a specific resistance of said alignment films is in the range 

output Y is to be obtained, L^L^ at time t-T c * r . of 10 8 Q-cm to 10 n Q cm. 
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4. A driving method for a spatial light modulator, 8. A driving method according to claim 4, wherein one 
wherein said spatial light modulator includes a pair of period of said driving voltage waveform for driving said 

facing transparent electrodes, and a light-modulating spatial light modulator is shorter than one display period of 

layer and a photoconductive layer provided between ™ fo nned by said writing light, 

said transparent electrodes, said light-modulating layer S A driving method according to claim 8, wherein a ratio 

having different optical states depending on an applied of one fcpby period of an image formed by said writing 

charge amount, said light-modulating layer having: a ^ t0 onc P criod of said drivm S volta S e * in ran 5 c of 

first optical state when said applied charge amount is a 1*5 to 1000. 

first threshold charge amount or more; a second optical 10 ' A driviD £ mcthod according to claim 8, wherein the 

state then said applied charge amount is a second 10 out P ut u S ht "^tensity of said spatial light modulator with 

threshold charge amount or less; and a spatially uni- res P cct to the wftng light intensities with said first thresh- 

form intermediate state between said first optical state old U S ht intensit y or l° we r of said spatial light modulator is 

and said second optical state depending on said applied substantially 0, the output light intensity with respect to the 

charge amount writing light intensities between said first threshold light 

wherein said photoconductive layer has rectification, and « intensity and said second threshold light intensity is 

generates, when said photoconductive layer is in a m ™ff d » ™*»&}^ intensity « mcreased, and the 

Reversed bias condition, a photoelectric current having °*P ut ^ mtens ' l y ^ res P^ to ^.^n- 

a magnitude depending on an intensity of writing light S1 f> W ^ SCC ° nd threshold hght intensity has 

incident on said photoconductive layer, substantially no dependence on said writing light intensity. 

. , e n z \ . . , 20 11. A dnvmg method according to claim 8, wherein the 

wherein one period of a waveform of a driving voltage ^ m inlen&i to said ^ light modulator is 

includes an erasure period m which the photoconduc- substantiaUy m0 notonously decreased as a function of time 

tive layer is in a forward bias condition and a charge ^ Qne ^ , iod of an ^ formed b ^ ^ 

amount larger than said first threshold charge amount is m the maximum value of said writing light intensity 

applied, and a writing period in which the photocon- rior tQ ^ end of ^ ^ riod is said 

ductive layer is in a reversed bias condition so as to threshold m% 0f ^ afld $aid maximum value 

generate a photoelectric current having a magnitude d to ^ said fet mreshold light ^^ity or lower in a 

depending on an mtensity of wnnng light, and period m whicfa m ^ ^ rewriUen by ^ writing lighl 

wherein said method includes a step of applying said 12. A driving method according to claim 8, wherein said 

driving voltage to said two transparent electrodes, so 3Q writing light is generated from a CRT 

that in said writing period, said applied charge amount 13 A driving method according to claim 8> whcrein (hc 

to said light-modulating layer is kept in the range of driving voltage applied in said erasure period is in the range 

said first threshold charge amount or more when the of +2 v to +30 v by rcgarding a direction in which the 

intensity of said writing light is a first threshold light photoconductive layer is forward-biased as a positive, and 

intensity or lower, and said applied charge amount to 3S the driving voltagc applicd in said writing pcriod is in thc 

said light-modulating layer is reduced to said second range of -30 V to +2 V. 

threshold charge amount or less when the intensity of 14> A drjvirjg mcthod according to claim 8, wherein one 

said writing light is a second threshold light intensity of period 0 f the driving voltage is constituted by a sequence of 

m S ner - said erasure period, a first low voltage period, said writing 

5. A driving method according to claim 4, wherein said 4Q period) ^ a low voltage period, 
light-modulating layer includes a ferroelectric liquid crystal 15 A method accord i n g to claim 14, wherein said 
layer which is sandwiched by two alignment films, and second low voltage period ^ longer than said first low 

wherein conditions of: voltage period. 

16. A driving method according to claim 14, wherein the 

-v^iCfc+c.vj^CftCj-Vj, and ^ driving voltage applied in said erasure period is in the range 

v *-Vd^-v* of +2 V to +30 V by regarding a direction in which the 

are satisfied, where V e denotes the maximum value of the photoconductive layer is forward-biased as a positive, the 

driving voltage in said erasure period, V„ denotes the driving voltage applied in said writing period is in the range 

minimum value of the driving voltage in said writing period, of ~ 30 V to -2 V, and the driving voltage applied in the 

C f denotes a capacitance of said ferroelectric liquid crystal 50 second low voltage period is in the range of -2 V to +2 V, 

layer without polarization inversion of said ferroelectric 17 • A driving method for a spatial light modulator, 

liquid crystal layer, C a denotes a capacitance of said pbo- wherein said spatial light modulator includes a pair of 

toconductive layer, V d denotes T diffusion potential of said facing transparent electrodes, and a light-modulating 

photoconductive layer, and -V^ denotes a threshold voltage layer and a photoconductive layer provided between 

of said ferroelectric liquid crystal layer. 55 said transparent electrodes, said light-modulating layer 

6. A driving method according to claim 5, wherein the having different optical states depending on an applied 
driving voltage V e in said erasure period and the driving charge amount, said light-modulating layer having: a 
voltage in said writing period are respectively in the first optical state when said applied charge amount is a 
ranges of: first threshold charge amount or more; a second optical 

3 v<sv v aod 60 state wnen said a PP^ ed charge amount is a second 

*" * threshold charge amount or less; and a spatially uni- 

-20 vsv„§4 v. f orm intermediate state between said first optical state 

7. A driving method according to claim 5, wherein said and said second optical state depending on said applied 
ferroelectric liquid crystal layer and said photoconductive charge amount, and 

layer are electrically in contact with each other via a metal 65 wherein said driving method includes the steps of: 

reflection film which is divided and separated into minute applying a driving voltage to said two transparent 

portions. electrodes; 
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irradiating said spatial light modulator with writing 
light; 

measuring an output light intensity of said spatial Light 
modulator with respect to at least one writing light 
intensity; s 

detecting a change of the output light intensity as a 
function of time; and 

performing a feedback to at least one of the writing 
light intensity and the driving voltage, in accordance 
with the detected change of the output light intensity, 10 
in order to keep a ratio of writing light intensity to 
output light intensity approximately constant. 

18. A driving method according to claim 17, wherein said 
photoconductive layer has rectification, and generates, when 
said photoconductive layer is in a reversed bias condition, a 15 
photoelectric current having a magnitude depending on an 
intensity of writing light incident on said photoconductive 
layer, 

wherein one period of a waveform of a driving voltage 
includes an erasure period in which the photoconduc- 20 
tive layer is in a forward bias condition and a charge 
amount larger than said first threshold charge amount is 
applied, and a writing period in which the photocon- 
ductive layer is in a reversed bias condition so as to 
generate a photoelectric current having a magnitude 
depending on an intensity of writing light, and 

wherein the driving voltage, in said writing period, keeps 
said applied charge amount to said light-modulating 
layer in the range of said first threshold charge amount 
or more when the intensity of said writing light is a first 
threshold light intensity or lower, and reduces said 
applied charge amount to said light-modulating layer to 
said second threshold charge amount or less when the 
intensity of said writing light is a second threshold light 
intensity of higher. 

19. A driving method according to claim 18, wherein said 
light-modulating layer includes a ferroelectric liquid crystal 
layer which is sandwiched by two alignment films, 

wherein conditions of: 

-V rt <(C / V e+ C a O/(C/-C a )-^ > and 

are satisfied, where V e denotes the maximum value of the 45 
driving voltage in said erasure period, V w denotes the 
minimum value of the driving voltage in said writing period, 
Cf denotes a capacitance of said ferroelectric liquid crystal 
layer without polarization inversion of said ferroelectric 
liquid crystal layer, C a denotes a capacitance of said pho- 50 
toconductive layer, denotes a diffusion potential of said 
photoconductive layer, and -V^ denotes a threshold voltage 
of said ferroelectric liquid crystal layer, 

wherein said driving method includes a step of keeping 
values of L a and L, constant by changing at least one 55 
of V e , V„, and x, said values of L a and L, being 
defined by 



LA^h\e){tP/r^\ and 
Vfi-{cy g +c.vMc / tC.yv a , 

where T„ denotes a width of said writing period, x 
denotes a ratio (utilization efficiency) of an intensity 
of light actually incident on said photoconductive 
layer to the intensity of said writing light, hv denotes 



a photon energy of said writing light, tj denotes a 
quantum efficiency of said photoconductive layer, e 
denotes an electron charge, and denotes a mag- 
nitude of spontaneous polarization. 

20. A driving method according to claim 19, wherein said 
ferroelectric liquid crystal layer and said photoconductive 
layer are electrically in contact with each other via a metal 
reflection film which is divided and separated into minute 
portions. 

21. A driving method according to claim 18, further 
comprising the steps of: 

measuring changes dY A and dY B in output light intensi- 
ties of said spatial light modulator as a function of time 
with respect to two different writing light intensities 
L°L A and L=L^; 

obtaining changes dL a and dL, of h x and by using 
equations of 

dLA^Y/dLJ^dY^Y/dLJ^dYgy*, and 
^{dmL^^{dYfdLX^<dYldL,) M idYldLX^ and 
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changing V e , and x by amounts equal to dV tf , dV^,, 

dT^ and dx, respectively, so as to satisfy relationships 
of 

-dLAdLJdV^dVM^x^VJdV^idLJdTjctr^dLJdi)^ and 
-dLAMJdT w )dT„+(aLJch)<h 

where V e denotes the maximum value of the driving 
voltage in said erasure period, V w denotes the mini- 
mum value of the driving voltage in said writing period, 
denotes a width of said writing period, and x denotes 
a ratio (utilization efficiency) of an intensity of light 
actually incident on said photoconductive layer to the 
intensity of said writing light. 

22. A driving method according to claim 18, further 
comprising the steps of: 

measuring changes dY A and dY^ in output light intensi- 
ties of said spatial light modulator as a function of time 
with respect to two different writing light intensities 
L=L A and L*!^; 

obtaining changes dL a and dL, of Lj and by using 
equations of 

dLA^Y/dLX^'^A<dY/dL t ) L .LA'dYBV^ 
dLA-^Y/dL^^dY^dY/dL^^-dYs]/^ and 

A-^y/di^^.^y/ai^^-^y/aij^^ay/aLO^^jand 

changing V„ T w and x by amounts equal to dV # , dV^, 
dT^ and dx, respectively, so as to satisfy relationships 
of: 

<fl>0, 

dT^—idLJdT^dL., and 
dt-0 

where V e denotes the maximum value of the driving 
voltage in said erasure period, V^, denotes the mini- 
mum value of the driving voltage in said writing period, 
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T„ denotes a width of said writing period, and t denotes 
a ratio (utilization efficiency) of an intensity of light 
actually incident on said photoconductive layer to the 
intensity of said writing light. 

23. A driving method according to claim 18, further 
comprising the steps of: 

measuring changes dY A and dY^ in output light intensi- 
ties of said spatial light modulator as a function of time 
with respect to two different writing light intensities 
L=L A and L=L 5 ; 

obtaining changes dL x and dL, of L t and by using 
equations of 

aA-(Wtes)i^ B '(KAHdY/dL.) L ^dY B yb, and 
A=(dYfaLJ M idY/dL,) L _^-{dYjaL t ) L ^idY/dLJ L ^ and 

changing V„ W wi T w and t by amounts equal to dV„ dV w , 
dT w and dr, respectively, so as to satisfy relationships 
of 

dT„=Q, and 

where V e denotes the maximum value of the driving 
voltage in said erasure period, V w denotes the mini- 
mum value of the driving voltage in said writing period, 
T w denotes a width of said writing period, and x denotes 
a ratio (utilization efficiency) of an intensity of light 
actually incident on said photoconductive layer to the 
intensity of said writing light. 

24. A driving method according to claim 18, comprising 
a step of measuring output light intensities of said spatial 
light modulator with respect to three or more different 
writing light intensities. 

25. A driving method according to claim 18, further 
comprising the steps of: 

irradiating said spatial light modulator with said writing 
light via an image presentation portion and an intensity 
modulating portion which modulates an intensity of an 
image presented on said image presentation portion; 
and 

performing a feedback to a transmittance of said intensity 
modulating portion, in accordance with a change of the 
output light intensity as a function of time. 
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26. A driving method according to claim 18, wherein said 
writing light is generated from a CRT, and said driving 
method comprises a step of performing a feedback to an 
electron beam current value of said CRT in accordance with 

5 the change of the output light intensity as a function of time. 

27. A driving method according to claim 18, wherein the 
measurement of the output light intensities of said spatial 
light modulator is performed directly after the output side of 

30 said spatial light modulator. 

28. A spatial light modulating apparatus comprising: 

a spatial light modulator including a light-modulating 
layer and a photoconductive layer provided between 
two facing transparent electrodes, said light- 
modulating layer having different optical states 
depending on an applied charge amount, said light- 
modulating layer having: a first optical state when said 
applied charge amount is a first threshold charge 

M amount or more; a second optical state when said 
applied charge amount is a second threshold charge 
amount or less; and a spatially uniform intermediate 
state between said first optical state and said second 
optical state depending on said applied charge amount; 

25 means for applying a driving voltage to said two trans- 
parent electrodes; 
means for irradiating said spatial light modulator with 
writing light; 

30 means for measuring an output light intensity of said 
spatial light modulator with respect to at least one 
writing light intensity; 
means for detecting a change of the output light intensity 
as a function of time with respect to said at least one 

35 writing light intensity; and 

means for performing a feedback to at least one of the 
writing light intensity and the driving voltage in accor- 
dance with the detected change of the output light 

^ intensity in order to keep a ratio of writing light 
intensity to output light intensity approximately con- 
stant. 

29. A liquid crystal device including a ferroelectric liquid 
crystal layer sandwiched by two opposing alignment films, 

45 and means for applying charges to said ferroelectric liquid 
crystal layer whereby said ferroelectric liquid crystal layer 
exhibits a spatially uniform intermediate state between 
bistable states, wherein a specific resistance of said align- 
ment films is in the range of 10 8 Qcm to 10 u Q cm. 

50 

* * * * * 
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